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FOREWORD 


SUGARBEET RESEARCH is an annual compilation of progress reports 
concerning incomplete research by Science and Education Administration 
investigators and cooperators who are peered in sugarbeet variety and pro- 
duction research. The report has been assembled by Dr. John S. McFarlane, 
Technical Advisor for sugarbeet breeding. The report has been reproduced 
at the expense of the Beet Sugar Development Foundation, and is for the 
sole use of the cooperators. Much of the data has not been sufficiently 
confirmed to justify general release and interpretations may be modified 
with additional experimentation. The report is not intended for publication 
and should not be used for cited reference nor quoted in publicity or 
advertising. Reproduction of any portion of the material contained herein 
will not be permitted without the specific consent of the contributor or 
contributors. 

The report presents results of investigations strengthened by contribu- 
tions received under Cooperative Agreements between Science and Education 
Administration, U.S. Department of Agriculture, and the Beet Sugar Develop- 
ment Foundation; the California Beet Growers Association, Ltd.; the Farmers 
and Manufacturers Beet Sugar Association; and the Sugarbeet Research and 
Education Board of. Minnesota and North Dakota. 

Trade names occur in this report solely to provide specific information 
and do not signify endorsement by the U.S. Department of Agriculture or the 


Beet Sugar Development Foundation. 
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SUMMARY OF ACCOMPLISHMENTS, 1979 


COMPARISON OF S, AND TEST-CROSS EVALUATION AFTER ONE CYCLE OF SELECTION IN 
SUGARBEET--Synthetics derived from a monogerm, self-fertile, random-mating 
population were re-evaluated in field tests in 1979. These synthetics were 
initially evaluated at Salinas and Brawley in 1978 (pages A52-A61, 1978 
Sugarbeet Research Report). These cycle 1 synthetics were produced to 
evaluate the ability of Sj and test-cross (TX) evaluation procedures to 
discriminate So genotypes for high and low sugar yield (SY) and % sucrose. 
The 1979 performance of these synthetics per se was nearly identical to that 
measured in the 1978 tests. In comparison to an equivalent, but unselected 
synthetic, selections for high and low SY by Sj evaluation resulted in a 
highly significant increase and decrease of 14.0% and 9.4%, respectively 
(Test 1179-1, page A32). Synthetics based upon TX evaluations for high and 
low SY showed changes of 6.5% and -3.5%, respectively. Selections for high 
and low sucrose content by Sj evaluation produced significant changes of 7.2% 
and -5.2%, respectively, for sucrose content. The results of 1978 and 1979 
tests of the synthetics per se showed that Sj evaluation had greater efficacy 
than TX evaluation at identifying S, genotypes. 


In 1978, stecklings from the cycle 1 synthetics produced in this selection 
experiment were planted in an isolation plot, rogued to genetic male-sterile 
plants, and crossed to the tester Y631E. These experimental hybrids were 
evaluated for yield performance in tests 1179-2 at Salinas and B479 at 
Brawley (pages A33 and A47). The results from these tests are much less 
striking than those from the evaluation of the synthetics per se. In the 
test at Salinas, the synthetics based on S, and TX evaluation for SY did not 
exhibit significantly improved combining ability. The results of these hybrid 
tests do not provide very persuasive evidence for either S; or TX evaluation 
as a method to identify combining ability differences among So genotypes. 

R. T. Lewellen and I. O. Skoyen. 


POPULATION IMPROVEMENT OF MONOGERM GERMPLASM--Recently, Dr. R. S. Loomis, 
Plant Physiologist, UC-Davis, suggested that the main objectives in sugarbeet 
breeding can be divided into (1) defect elimination, (2) genetic structure, 
and (3) yield. The ultimate priority is for increased sugar yield but lines 
superior in yield capacity may have limited usefulness if they are susceptible 
to prevalent diseases or have a genetic structure that precludes their use. 

A comprehensive breeding strategy could be one that initially involved popu- 
lation improvement based on defect elimination, e.g., disease resistance, 

and that modified the population to fit a particular genetic structure, e.g., 
to be monogerm and type-O. These improved populations could then serve as 
the base for extracting and evaluating lines for improved yield capacity. 
Currently, this procedure is one of the breeding methods that we are using 

to improve monogerm, type-O germplasm. However, for this breeding procedure 
to be fully functional, genetic variability and recombination need to be 
maintained from cycle to cycle. Within our self-fertile monogerm germplasm, 
genetic male sterility has been incorporated to facilitate random mating. 
These self-fertile, random-mating populations thus provide the advantages of 
both self-fertility (e.g., to select and fix the monogerm and type-O traits, 
to maintain Sg genotypes with selfed seed, etc.) and self-sterility. A 
number of self-fertile, monogerm, male-sterile-facilitated random-mating 
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populations have been developed at Salinas. As these populations are developed 
and improved, it is useful to evaluate them and to identify their potential 
as sources from which to concentrate specific breeding efforts. 


Performance of random-mating populations--The performance of 10 populations 
evaluated in 1979 are summarized in tests 1079 and 2179 (pages A31, A40, and 
A). These self-fertile, random-mating populations represent a moderately 
broad germplasm base with general adaption to the Far West. Most of these 
populations have had multiple cycles of selection for virus yellows and/or 
erwinia soft rot and are moderately resistant to curly top. All are monogerm 
and most have a moderate to high frequency of type-O plants. Test 2179 shows 
that most of these populations are significantly more resistant to BWYV than 
either 546H3 or US 75 and some approach the yellows resistance of C36. In 

the absence of severe disease, these populations have better sucrose concentra- 
tion than C36 and under BWYV infected conditions, most are significantly better 
for sucrose than either C36 or 546H3. The 755 (6755, 7755, or 8755) population 
which has had the best per se performance of these populations also has pro- 
duced the best yields in variety hybrids with Cl7 and C31E. In some tests, 
these hybrids have had significantly higher sugar yield than the corresponding 
Cl7, C36,eand’ C3LEL hybrids with 546H3. 


Performance of random-mating populations in variety hybrids--During the 
development of the self-fertile random-mating populations, near-equivalent 
CMS phases were produced. Seven populations in which near-equivalent CMS's 
are available were evaluated in Tests 979 and B579 (pages A30 and A48) as 
variety hybrids with C31El as the tester. Hybrids produced on corresponding 
genetic and cytoplasmic male sterile phases were compared to appraise these 
populations for general combining ability. In the tests at Salinas and 
Brawley, there were no overall differences between the CMS and aja hybrids 
for sugar or beet yield. Neither was there a significant interaction between 
types of sterility. Therefore, it should be possible to use genetic male 
sterility to evaluate the combining ability of early generation lines extracted 
from these populations without undue concern that differences in performance 
will be expressed at a later time when the CMS phase may be used to produce 
commercial hybrids. The yield of the population or variety hybrids may also 
be useful to identify the mean general combining ability of different popula- 
tions and indicate which improved random-mating population should be chosen 
for advanced or recurrent selection methods. For example, in 1978 and 1979 
tests at both Salinas and Brawley, the hybrids with the 755 population had 
better performance than US H10. Although the 755 population is still in need 
of being improved for type-0O, nonbolting tendency, and possibly disease 
resistance, these data suggest that superior lines extracted from 755 and 
hybridized with C17, C36 or other pollinators should produce hybrids with 
significantly improved performance. R. T. Lewellen and I. 0. Skoyen. 


COMPARISON OF US H10B AND US H1l1l--Seedlots of US H1OB and US H1l were evaluated 
in 11 USDA tests (9 at Salinas and 2 at Brawley) in 1979. As the following 
summary shows, US H10B was slightly superior to US H1l for sugar yield. 
Although in no single test was US H10B and US H11l significantly different, 

US H1LOB ranked above US H1l in sugar yield and % sucrose in 10 of 11 
comparisons. 
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Comparison of US H10B and US H1l in 11 USDA tests in 1979 


Acre Yield to Te BOC L 

Sugar (lbs) Beets (T) Sucrose Beet * 
US H1OB 9,240 Se i. tT 34.0 
US H11 8,960 Lee 73.445 ah 


*Mean of 2 injury-inoculated tests involving 7 comparisons. 


These results are somewhat different from the previous comparisons between 
US H1OB and US H1l involving 19 tests from 1976 through 1978 in which US H11l 
was usually slightly superior to US H1OB. 


Comparison of US H10B and US Hll in 19 tests from 1976 through 1978 


Acre Yield wA ROC 

Sugar-(lbs) Beets (T) Sucrose Beet* 
US H10B 9,970 S679 1336 a 
US H11 10,170 ope. Lae 4 


*Mean of 6 injury-inoculated tests. 


The background level of Erwinia resistance in breeding lines and hybrids involved 
in our testing program has been significantly improved in the last year or 
two and the incidence of roots with soft rot has dramatically decreased. 

In the 1979 tests at Salinas and Brawley, erwinia soft rot did not appear to 
influence yields, whereas in the 1976 to 1978 period, many tests had moderate 
levels of infection in susceptible entries. These 1979 data appear to be 
consistent with the comparisons made between US H9 and US H10 in the late 
1960's and early 1970's when these hybrids were being extensively tested. 
Thus, it appears that in the near absence of Erwinia US H10 may have a slight 
advantage over US H1l as it did over US H9. R. T. Lewellen, I. 0. Skoyen, 
and E. D. Whitney. 


YELLOWS RESISTANT GERMPLASM--One of the constraints limiting the development 
of higher yielding hybrids with improved purity adapted to California and 
Arizona conditions has been the narrowness of the yellows resistant (YR) 
germplasm. Until recently, yellows resistance was essentially limited to a 
few specific sources, particularly C13 and C17 which are relatively closely 
bred selections from US 75. As the data in Test 2079 (pages A38 - A39) 
suggest, the YR germplasm has recently been broadened and now encompasses a 
fairly diverse background. For example, lines Y840 and Y846 were derived 
from crosses between C17 and C64. Y831E combines curly-top resistant germ- 
plasm from California and germplasm from several European sources. Y841 was 
selected from crosses between CO1 and C64. Y842 involves germplasm from Cl7, 
C64, and Europe. Y839 was derived from composite crosses involving germplasm 
Pee eo Lolo s4 C04. Col), Coo, Us.lo, US 56/2, SP6822-0, FC701/2, 
FC702/2, and several European sources. Each of these breeding lines have 
certain specific strengths and weaknesses but in general all have moderate 

to good levels of yellows resistance and moderate resistance to erwinia soft 
rot. These lines differ in their nonbolting tendency but NB selections that 
should improve this characteristic were made in several of these lines in 1979. 
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These lines show considerable variability for resistance to powdery mildew 
and Y839 and Y841 appear to be moderately resistant. These lines per se have 
equal or better tonnage and sucrose content than C17 or C36 and are currently 
being evaluated for combining ability. The greatest weakness of this set of 
multigerm lines is their level of curly-top resistance that ranges from 
moderately susceptible to that equal to Cl7. Hopefully, these lines will 
ultimately offer a broader based source of YR germplasm from which lines 

with significantly improved combining ability and other disease resistance 
can be extracted. R. T. Lewellen, I. 0. Skoyen, and J. S. McFarlane. 


SELECTION FOR RESISTANCE TO BWYV--In 1977, several breeding lines were selected 
for resistance to BWYV rather than a combination of BYV and BWYV. The first 
opportunity to evaluate these selected lines was in 1979 (Test 2079, pages A38 - 
A39). In comparisons between two of the selected lines and their sources it 
appeared that one cycle of mass selection for resistance to BWYV was effective. 


Results of one cycle of selection for resistance to BWYV 
Sugar Yield (1b/A) Yellows Beet Yield (T/A) _% Sucrose 


Check BWYV i LOSS Score Check BWYV Check BWYV 

Y841-Y1 9,380 9,030 Sie! rei) Slee 30.5 er) 14.8 

Y741-Y0O 9,070 8,140 1074 a.4 Srl 28.3 14.6 14.4 
NS * NS * NS * NS NS 

YS83 Bava 295250 LO Sau) 2.8 30a Doral! 15s 15:5) 

Y731-Y0 9,000 8,300 fe Beh SO DoD Liens, Leo 


NS * NS NS NS NS * * 


*Significantly different at least at the 5% level. 


For the Y41 line, sugar yield and beet yield were significantly improved by 
selection when evaluated under BWYV conditions but not when evaluated under 
noninoculated conditions. The Y31 line was significantly improved for sugar 
yield under BWYV inoculated conditions. In this test, % losses for sugar 
yield were not significantly different but were reduced by resistance 
selection for both lines. The disease symptoms or yellows scores were also 
lower in the selected lines. Although their nonselected sources were not 
included in this test, it appeared that selection for BWYV resistance also 
was effective for other breeding lines, e.g., Y839, Y842, and Y846. With the 
apparent improvement in resistance to BWYV in a single cycle of selection, 
these results also would suggest that the heritability for resistance to 

BWYV is much higher than it is for resistance to BYV. When correlations 

are run between individual roots infected with BWYV, the correlation 
coefficients are usually positive between root weight and sucrose content 
rather than being negative which is the usual relationship in nondiseased 
plants. Mass selection for resistance to BWYV in which gross sugar yield is 
used as the selection criterion thus appears to be an effective breeding 
procedure. When breeding lines have been evaluated and selected for resist- 
ance to BYV and/or BYV-BWYV, in most cases, lines resistant to one virus were 
usually resistant to the other. It will now be of interest to re-evaluate 
these BWYV resistant selections to determine if resistance to BYV has also 
been improved or whether different resistance genes and host-plant resistance 
mechanisms are involved. R. T. Lewellen, I. O. Skoyen, and J. S. McFarlane. 
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EVALUATION OF COMMERCIAL HYBRIDS TO BWYV--Commercial sugarbeets planted in 
all beet growing districts of California and Arizona are subject to virus 
yellows infection. The effectiveness of beet-free-periods has greatly 
reduced the incidence of BYV but BWYV with its wide host range and persistent 
aphid transmission remains a constant hazard. Commercial hybrids that were 
developed outside of California and that have no known yellows resistant 
component were evaluated to estimate the potential losses to BWYV. The 
results presented in Test 1879 (pages A34 - A35) suggest that the losses 
caused by BWYV infection will be 2 to 3 times greater in yellows susceptible 
hybrids than in moderately resistant hybrids. The hybrids from Great Western, 
Hilleshog, and Betaseed which had more or less been randomly chosen for this 
test had losses of 30 to 32% for gross sugar yield, or in this test, a 
reduction of approximately 2,600 pounds of sugar. R. T. Lewellen and I. 0. 
Skoyen. 


RESISTANCE TO ERWINIA--A breeding program to select for resistance to erwinia 
soft rot was continued in 1979. Resistance selections were made in 18 breed- 
ing lines. In addition, approximately 120 breeding lines and hybrids were 
evaluated in two injury-inoculated tests. The Erwinia resistance program is 
summarized on pages A54 - A59 of this report. R. T. Lewellen, E. D. Whitney, 
and I. 0. Skoyen. 


RESISTANCE TO POWDERY MILDEW--Reactions of sugarbeet lines to powdery mildew 
(PM) have been moderately well correlated between field and greenhouse 
evaluations. Also, within line variability for PM reactions have been evident 
in greenhouse tests. These factors have suggested that PM resistance selection 
based upon greenhouse evaluations should be feasible. Breeding lines Y31, Y41l, 
and Y46 which showed variability for PM reaction in the field were chosen as 
parental sources to test the effectiveness of greenhouse selection. In the 
first cycle of selection, the most resistant segregates were selected and 
crossed in pairs. In the 2nd cycle of selection, resistant plants from the 
best full-sib families were selected and crossed in pairs. Seed from these 

2nd cycle families was harvested in the late spring of 1979 and planted in 

the field. PM was allowed to develop, and each family, their parental sources, 
and checks were scored four times from September 18 to October 5 on a scale 

of 0 to 9. Because of the late planting date and heavy fall dews, the disease 
severity was relatively mild. The mean reactions of the parental sources, 
their 2nd cycle families, and the C17 check are compared in the following 
table: : 


Breeding Mean reaction Range of 
line Source Selected families selected families 
C17 (check) 4.6 
a1 S28 2.4 (13)* Lene 
Y41 SS Li, baits) 0 6e240 
Y46 Lait 2st alia) 1.3 - 4.0 


Planted June 19, 1979. “Number of families evaluated. 
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The data in this table show that the average reaction for the 2nd cycle 
families have been improved compared to their parental sources. Several of 
the individual families expressed good levels of resistance. It thus appears 
that a relatively simple greenhouse evaluation and selection procedure can be 
used to breed resistance to PM in adapted germplasm. R. T. Lewellen and 

E. D. Whitney. 


FUSARIUM STALK BLIGHT RESISTANCE--A stalk blight resistant selection from 

the widely used C563 inbred was increased at Salinas and designated C566. 

As the first step in the development of a male-sterile equivalent of C566, 

the selection was also crossed with a monogerm male-sterile line from the 

NBl inbred. Evaluation tests at Salinas and Logan, Utah showed C566 to be 
similar to C563 in bolting, curly top, and powdery mildew resistance. 

Results of a stalk blight resistance test at Salem, Oregon are given on page A60. 
A Beet Sugar Development Foundation sponsored increase of C566 and of C566 CMS 

is being made at Salem in 1980. J. S. McFarlane. 


FIELD EVALUATION OF ROOT TOUGHNESS (ROOT FIBER CONTENT)--1979 test results 

for two dates of seeding showed that plant age was a primary factor in root 
toughness as measured by ft. lbs. of pressure required for penetration of a 
probe. Mean root toughness in Test 1 (seeded November 1978) was 20.9 ft. lbs. 
pressure but in Test 2 (seeded February 1979) the mean was 17.9 ft. lbs. 
(pages A62 - A63). Bolting and seed stalk development did not appear to 
increase root toughness, at least prior to seed development and maturation. 
The progeny and hybrids of 1978 selections in four pollinator lines for both 
high and low probe values will be tested in 1980 field tests. I. 0. Skoyen 
and R. T. Lewellen. 


GERMPLASM PRESERVATION--Additional seed samples of wild Beta species were 
obtained from Europe. Greenhouse and field increases were made of 50 wild 
beet introductions including Beta maritima - 28, Beta macrocarpa - 4, 

Beta atriplicifolia - 6, Beta corolliflora - 2, Beta macrorhiza - 1, 

Beta trigyna - 1, Beta patellaris - 6, and Beta webbiana - 1. Many of these 
seedlots were found to be mixtures or to contain outcrosses. Attempts will 
be made in 1980 to rogue some of the lots and to produce noncontaminated seed 
of each species. Increases were also made of 34 Beta vulgaris lots including 
obsolete varieties, foreign varieties, and fodder beets. J. S. McFarlane. 


CYTOLOGICAL STUDIES IN BETA SPECIES--The resistance transmission of the 
nematode resistant sugarbeets has so far been lower than expected. Self- or 
cross~pollination of the resistant heterozygous plants transmitted resistance 
to an average of about 41% of the progeny. In spite of the meiotic abnor- 
malities of the parents a bred-true resistant family occurred in the S9 
generation. The transmission of nematode resistance was very much convincing 
for both the selfed and open-pollinated progenies of this family. This 
demonstrated that nematode resistant homozygotes in sugarbeet are viable and 
producible. 


The nine chromosome sugarbeet plant investigated had a narrower leaf lamina 
and less vigorous growing profile. This plant contained chimeral sectors. 

At the first meiotic anaphase the nine univalents associated into two unequal 
groups and migrated to the poles in all possible numerical combinations. 

Some meiotic abnormalities were observed in the microsporocytes of this 
haploid? plant. “Mane eyvu. 
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ABSTRACTS OF PAPERS PUBLISHED OR APPROVED FOR PUBLICATION, 1979 


DUFFUS, JAMES E. The ecology of yellowing viruses--Epidemiology and control 
of virus diseases of vegetables. Proc. 3rd Conf. of ISHS Working Group on 
Vegetable Viruses. 37-40. 1979. 


After a brief historical survey of major diseases caused by yellowing viruses, 
i.e. the agents of disorders characterized by stunting of infected plants, 
accompanied by rolling, yellowing, reddening and brittleness ote affected 
leaves, some aspects of their ecology are reviewed. 


Virus inducing yellowing diseases have special affinities to the phloem. They 
fall into three distinct groups: viruses transmitted by whiteflies; 
semipersistent aphid-transmitted viruses with flexuous, filamentous particles 
and persistent aphid-transmitted viruses. 


FALK, B. W. and JAMES E. DUFFUS. The role of mixed virus infections in 
epidemiology. In Ecology and Control of Vector-Borne Disease Agents of 
Plants. (Book Chapter) (In press). 1980. 


The increased host range and ability to use various helper viruses suggests 
that LSMV and other dependent viruses could have very complicated epidemiolog- 
ical characters. Such theoretical possibilities were discussed in a review 
concerning dependent transmission. It has been demonstrated that LSMV may 
infect hosts that are not hosts of the helper, BWYV, and the same is true for 
some of the other dependent viruses. In this case, aphid transmissibility 
would cease. However, if another helper virus (luteovirus) were to infect 
this plant, it might then be able to act as a helper virus and the dependent 
virus could again be aphid transmissible, possibly even by a different aphid 
Species. Mixed infections and resulting structural interactions may be con- 
sidered survival mechanisms for some defective viruses. The dependent viruses 
from the aphid transmitted complexes almost surely depend upon the mixed 
infections for their survival and dispersal by the aphid vector. The 
properties exhibited by the helper dependent viruses are different from many 
other well characterized plant viruses. 


HOEFERT, L. L. Ultrastructure of developing sieve elements in Thlaspi 


> 


AEvcisemieeeitea Loe: aimnacuUresstate. samen. J. Bot we662925-932% 1979. 


Descriptions of the structural effects of viruses on host plants require a 
thorough knowledge of the ultrastructure and development of the tissues of 

the host plant that are affected. This manuscript and its companion detail 
the development of sieve elements in Thlaspi arvense, a weed-reservoir host 

of beet western yellows virus. The immature sieve elements of Thlaspi are 
somewhat unique in that they contain two morphologically distinct types of 
P-protein (Phloem protein) - the common tubular-fibrillar type that is present 
in sieve elements of many plants and one or more granular P-protein bodies 
that are not so common. The development and fate of the granular P-protein 
bodies are described. 
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HOFFERT, L. L. Ultrastructure of developing sieve elements in Thlaspi 
arvense L. Il. Maturation.® Amers(JleBote 67 91945201. Seles au 

This manuscript and its companion describe the development and maturation 
of sieve elements in the weed Thlaspi arvense, a reservoir host of beet 
western yellows virus. During maturation, sieve elements lose their 
nucleus, vacuoles, and a good bit of their cytoplasm, to become practically 
"empty'’ tubes through which nutrients and viruses move from one part of the 
plant to another. The sequence of this maturation process is described and 
contrasted to similar sequences in other plants. 


LEWELLEN, R. T., Es D. WHITNEY, LicQinSKOYEN, andeJ. So)MCFARLANE Seootiee 
of release of sugarbeet hybrid variety, US Hl1. USDA-SEA-AR, August 23, 1979. 


The Erwinia resistant cultivar US H1l is briefly described in this official 
USDA-SEA release notice. 


ROCHOW, W. F. and JAMES E. DUFFUS. Luteoviruses and yellows diseases. 
In Comparative Diagnosis of Viral Disease, Vol. IV (Book Chapter). 
(In press). 1980. 


Although luteoviruses did not become a recognized plant virus group until 
1975, the diseases they cause have long been observed. Duffus discussed the 
many causes attributed to yellowing and reddening of crops before the virus 
nature of many of the problems became known. The virus nature of barley 
yellow dwarf has been recognized since 1951 and that of beet western yellows 
Since 1960. But actual evidence for the virus nature of luteoviruses was 
not available until 1964 when relationships were shown in several ways between 
the presence of a small, isometric particle and the infectivity of barley 
yellow dwarf virus (BYDV). The recent demonstration of the nature of 
luteoviruses contrasts not only with the long history of plant diseases they 
cause, but also with the great economic importance of the viruses. 


SCHROTH, M. N., E. D. WHITNEY, S. V.°THOMSON, R:) T. LEWELLEN,;: and FooJ. Soo 
Bacterial rot of sugarbeet: Problem and solution. Calif. Agric. 33:8-9. 1979. 


This article briefly summarizes the sequence of events that lead to the 
recognition of bacterial soft rot in sugarbeet as an important disease, the 
identification of the causal organism, Erwinia, contributing factors to 
disease development, and control with the development of a resistant 
cultivar, sus? Hid, 


YU, M. H. Meiotic chromosome behavior in monoploid sugarbeet. Can. J. Genet. 
Cytol, 22 .(Jns press 60 e200 


The meiotic behavior of a monoploid plant of sugarbeet was studied. At 
meta-anaphase I univalents, bivalents and trivalents, and secondary associa- 
tions of up to three chromosomes were observed, with an average of 8.65 I + 
0.16 II + 0.01 III per cell or 0.18 chiasmata per cell. Chromosomes migrated 
to the poles at anaphase I in all possible numerical groupings. Various 
numbers of laggards, dividing laggards, bridges, and fragments occurred at 
both divisions. It appears that two or more duplications are present in the 
genome of this monoploid plant. 
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BOLTING AND VARIETY TRIALS, SALINAS, CALIFORNIA, 1978-79 


Location: USDA Agricultural Research Station 
Soil type: Sandy loam (Chualar series). 
Previous crops: 1978-79 Sugarbeet test areas, Spence Field: 


Block 3 - south, fallow 1975-1977; sugarbeet trials, 1974. 
Block 6 - north, fallow 1976-1978; sugarbeet trials, 1975. 


Fertilizer used: Preplant: Dolomite (equivalent to 105% CaCO3), as needed, 
was broadcast at a rate of 1000 lbs/A and disced in about 6 inches deep. 
All test areas had 310 lbs/A 5:20:10 applied broadcast and chiseled in 
before listing in August 1978. Prior to seeding, 320-420 1lbs/A ammonium 
sulfate was Bye Hoe incorporated into a 9-inch band on the beds. 


Supplemental nitrogen: Two to three applications, as sidedressed ammonium 
‘sulfate at rates ranging from 353 to 584 lbs/A. 


Total fertilization (lbs/A): NP Page’ KO 
290 62 Br 


Summary: 1978-79 Tests in the Salinas Valley 


a 


Sowing Thin- Plot 

Date ning Test PLE Row Harvest 
Test 1978- Date Entries Reps Row Leth. Date Test 
No. 1979 1979 No. No. No. PE. L979 Design 
179 11/16 1/22-25 163 2 i 30 --- RCB 
279 192 1-2 1 30 --- RCB 
279-2 . a 6 8 fi 30 --- RCB 
379 iy io A 16 4 | 30 -- - RCB 
479 u. 4 16 16 1 30 9/11-12 LS 
579 1/29 3/12-14 16 8 2 30 9/20 RCB 
679 1/29 3/12-14 16 8 2 30 9/12-13  RCB 
779 B75 4/10-12 22 8 2 30 9/24-26 RCB (2x11F) 
879 2/7 3/20-21 10 8 Z 30 9/26-27  RCB 
979 aro 4/10-12 16 8 2 30 10/10-11 RCB 
1079 3/6 ds LZ 8 E2 30 10/9-10 RCB 
1179 3/6 ‘ 20 8 2 30 10/2-4 Split-block 
1279 os 3/20-21 16 4 ih 30 --- RCB 
1379 of 7 4/10-12 8 5 1 30 10/4 Split-plot 
1479 2/6 3/20-21 16 8 2 30 9/17-18 RCB 
1579 2/6 i 16 8 2 30 9/18-19  RCB 
1679 aed 4/10-12 16 8 2 30 10/1-2 RCB 
1779 4/18 5/21-24 2 8 2 63 10/11-12 Split-plot 
1879 4/19 x 8 8 1 30 10/15 Split-block 
1979 4/19 : 20 8 1 30 10/16-17. Split -block 
2079 4/20 a 20 8 1 30 10/22-24  Split-block 
2179 4/20 “+ 14 8 1 30 10/18-22 Split-block 
2279 Sia) 6/25-27 122 1-4 1 24 --- --- 
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Inoculation dates (1979): Tests 1879 through 2179:- June 6, with BWYV. 
Test 2279: August 2, with a suspension of Erwinia 
bacterium, 


Irrigation: By either furrow or sprinkler system as required at 7-14 day 
intervals except during stand establishment when frequent light sprinkler 
irrigations were used. 


Herbicide application (1979): Pyramin W, at rates of 3 to 4 lbs/A, was sprayed 
on post plant and watered in with 1/2 to 3/4 inch sprinkler irrigation. 


Diseases and insects: Natural virus yellows infection was moderate throughout 
tests seeded between November 16, 1978 and March 7, 1979. (Tests 179 
through 1679, Field 1). Natural infection appeared light in tests seeded 
between April 18 and May 31, 1979, (Field 2) until late in the season. 


Inoculated BWYV tests 1879 through 2179 were sprayed with 1.5 pints/A 
Meta Systox R on June 8, 1979 for control of BWYV aphid vector. 


All tests, inoculated and non-inoculated, were sprayed with 1.5 pints/A 
Meta Systox R and 1 1b/A Lannate on July 24, 1979 for control of aphid 
and salt marsh caterpillar. 


Powdery mildew was moderately severe in 1979 where it was not controlled 
and appeared first (early June) in the earliest seeded tests. One or 
two spray applications of wettable sulfur at rates of 14 to 26 lbs/A, 

on designated test areas, on June 25, July 30 and August 13, 1979, 
provided good control. 


Downey mildew infection was not a significant disease problem in 1979. 


on yield in 1979. 


Sugar analysis: Determined from two samples per plot of approximately 10 
roots each or 25-40 lbs of roots at the sugar analytical laboratory, 
U. 5S. Agricultural Research Station, Salinas, California. 


Remarks: Nitrogen application rates were unusually high in 1979 tests because 
petiole tests in mid-July, as well as visual appearance, showed nitrogen 
levels well below 1000 ppm, two months prior to beginning harvest. 


The assistance of Dr. F. J. Hills and Ms. Patricia Thomas, University of 
California at Davis, in the analysis of test data is greatfully acknowledged. 
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BOLTING RESISTANCE EVALUATION TEST, SALINAS, CALIFORNIA, 1978-79 


(Test 179) 
2 replications 
l-row plots, 30 ft. long Planted: November 16, 1978 
Powdery 
Bolting Mildew 
Variety Description 7/30 10/4 6/22 
: & te Grade+ 
717H8 US H10 SVG £237 4.5 
717H17 555 1HSUx -417 19.7 23.9 a0 
717H23 S55 1H2P 5417 22.4 20a 5.0 
717H24 5522-29H21 x 417 12.3 L642 5.0 
E836H24 5522-29H21 x E36 ot 6.8 SPP! 
517H29 3536-97H72 x 417 oe G25 570 
517TH12 546H4 Feb 7 T 0 16.4 SD 
517TH17 8551H4 x 117T bigs L5 5G 
517TH29 3536497 /25e2514/7T 9 Wek 530 
417H21 536-97HO x C17 6 ts 6.0 
417H28 536-97H3 x C17 o4 15.6 5.0 
617H11 8551H4 x 417 OG | 530 
704-13H8 F70-546H3 x 604-13 et ss 563 
704-13H17 5551H5 x 604-13 ve Pe 6.0 
704-13H23 5551H21 x 604-13 BS a 6.0 
704-13H24 5522-29H21 x 604-13 of nis. 6.0 
704-15H8 F70-546H3 x 604-15 9 .8 0) 
704-15H17 5551H21 x 604-15 -0 .O 520 
704-15H23 5551H21 x 604-15 .0 -U So 
704-15H24 5522-29H21 x 604-15 a .8 6.0 
464H2 US H6 9 ae 4.0 
464H8 US H7A a2 eo 4.0 
F71-17 Inc. $F70=17 <9 e0 Gos 
813 Incve413 a 8 45 
F77-36 Erwinia sel. 413 4 a0 5.0 
517T Ineseli7T 20 a0 “65 
704-13 Inc. 604-13 or . 6.0 
804-13ER Erwinia sel. 604-13 9 a2 740 
704-15 Inc. 604-15 -6 ‘G 520 
804-15ER Erwinia sel. 604-15 co .8 530 
704-15CTR CTRS 604-15 Py a2 555 
704-23 Inc. 604-23 oh ser 4.5 
Y204 Inc. Y1LO4A,B .o 0 555 
Y003 Yellows res. line 9 70 5 ab 
434 Inc. aamm Sst x 813 .0 4 50 
834 Inc. 534 (1965) 6 Beh 5.0 
868 Inc. 868 (1968) off .6 530 
885 Inc. 385 75 wk oD 
885HO 385HO x 385 +5 Pee aI 
921 Composite of Type O's 25.6 20a0 520 
364 Pollinator line 16.7 19.4 335 
864 Inc. 364, 464 26.6 82.8 at 
F66-569H3 562HO x 569 5360 65.4 oP. 
F70-546H3 562HO x 546 [8% 2503 al 
F78-546H3 562HO x 546 9.4 14.1 5.0" 


1/ 0 = No mildew 9 = Severe mildew 
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BOLTING RESISTANCE EVALUATION TEST, SALINAS, CALIFORNIA, 1978-79 


(Test 179) 
2 replications 
l-row plots, 30 ft. long Planted: November 16, 1978 
Powdery 
Bolting Mildew 
Variety Description 7/30 10/4 6/22 
hs te Grade=— 
4554H1 NB1 CMS x NB4 Z1G7 2067 4.0 
4554H4 3565H0ee 2554(Iso.) JF 16.9 4.5 
4547H1 502HO"xe547 4.5 19.4 on 
3536-97H3 562HO x 536-97 18.8 oe 6.0 
3536-97H72 71 8HO 5% 7530-97 ss eas 6.0 
F75-536H1 522-29H23 x 536-97 L228 Line 6.0 
F75-536H4 563HO0 x» 536-97 14.8 16.4 6.0 
7522H4 F67-563HO x 5522-29 36.8 33 ae 
6522-29H1 DS 2ZN Lex Doz2=29 14.6 14.6 6.5 
foz2nel 4536-97HO x 5522-29 2a. Seis 9 6.0 
555105 564HO x 8551 46.7 eu 4.5 
SoD LB, 8551H4 x 8551 34.8 39a 4.9 
5551H21 3536-97HO x 8551 1637 Lien 54D 
5564H1 (SO2H0Ps 562) ux 504 See 46.0 5D 
6564H1 (25 0280 exe 2563) oe) >On 4952 nye Als, deo 
Am 7 Amal. variety 100.0 100.0 7a 
UL 8 U and I variety 98.6 100.0 TRO 
AC 5 Amer. Crystal hybrid 9320 O30 4.5 
ACEI Amer. Crystal hybrid 69.9 7027 33 
S72-315 4(AC 7) Amer. Crystal hybrid 97.4 100.0 3.0 
AGWD2 G. W. hybrid loot 91.4 yet 
Vy tomo Swedish variety 14.5 24.6 4.5 
Bush Mono Bush Johnson variety Loe2 1Guz 4.0 
FC 3 69-9440 92.6 92.6 4.0 
5942 RW880 Sots 89 eT 4.5 
5941RS Inc. Yaltushkovsk mm 98.6 98.6 4.0 
6952 Inc. Uladovsk mm 93¢1 93.4 4.0 
6959 Inc. Ramonsk 09 96.8 Oo) eo 4.0 
Inbreds 
1502 Sp. NB1 - 84.5 85.3 6.0 
7502 Inc. Sjg 46.2 Sel 550 
8592 Ine p3502 57.6 63.6 Sea 
4547 ee NBS dye 4.0 342 
8511 Inc. F56-511 100.0 100.0 4.0 
Soe NB6 (S16) 0.0 0.0 SU 
4554 NB4 2227 28.8 4.0 
7554 Inc. 6554 (F58-554) T2835 eu Dell 
6554 S14 ine.e2004 (iso) 25:0 S020 Bae 
8554 Sy4 Inc. 6554 S14 234 4.9 Zea 
F66-569 mn inbred 41.0 56.4 5.0 
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BOLTING RESISTANCE EVALUATION TEST, SALINAS, CALIFORNIA, 1978-79 


(Test 179) 
2 replications 
l-row plots, 30 ft. long Planted: November 16, 1978 
Powdery 
Bolting Mildew 
Variety Description 7/30 10/4 6/22 
vA h Grade 
8569 Inc. F66-569 4521 tae bad 
F70-546 Inc. F63-546 2134 5150 4.0 
F78-546 Inc. F70-546 £536 24.4 5 
8546 Inc. F70-546 Jer Reo es Ss 
6551 Inc.@3551 OLL 10.6 4.0 
6551HO 55 1H ex -55 L 2175 2500 4.0 
F67-563 Inc. F63-563 59.4 66.0 5.0 
8563 Inc. $F67-563 29.8 36.8 5 a5 
8563aa 2563aate 5564Aa BLRG S40 520 
F67-563HO Inc. F63-563 56.9 Gkel 5 So 
8563HO0 F67-563HO x F67-563 39.3 51.8 520 
8563 Sj, Iso. Inc. S44 0.0 0.0 5.0 
8563 S14 Sp. Inc. 814 3.0 Poo 5.0 
8563 Sj, Ore. Inc es 2Ez 4.1 5.0 
6562 $14(4502 x 4570-49-12) 88.6 93 72 5.0 
2562 Tnce@S9y © 45/0-49712 58.3 5373 Lee 
F66-562 mm inbred 5937 #326 0 
8562 Inc. F66-562 E554 noe 560 
F66-562HO0 CMS of 562 SS ate 60.2 52 
8562HO0 F66-562HO x F66-562 56.0 69.0 D0 
8562Aa 2563aa x F66-562 36,5 47.3 BS 
5564 Inc. 4564C1 ADS SPs3 5.0 
8564 Inc. 5564 & 6564 Ioan G9 e> 570 
5564H0 4564HO x 4564C1 65.2 75.9 BO 
8564H0 Sp. 5564HO x 5564 05 &/ ie 520 
8564HOA 6564H2mm x 6564 59 27 66.7 5.3 
8564aa Iso. 7104aamm x 5564Aa 2520 3000) 5G 
8564aa Sp. 4564aa x 5564Aa 38 #2 46.1 at) 
8564Aa + aa Inc. 5564Aa 4338 54°35 5.0 
5564Aa 4564aa x 4564C1 79.2 2 5.0 
8564Aa 4564aa x 5564 36.4 Gia 520 
8620bb Inc. 6620mmC1 (CR) oa ale S9 Se 
8689 Ines; (502aa- x 522-25 )mm 20.4 2920 5.0 
4536-97 CTR inbred i3*0 F370 5.0 
4536-97HO CMS of 536-97 18.5 ripe #3 5.0 
8536 Inc. 536 4.8 o.7 Dake 
8536H0 536HO x 536 4.6 4.6 os 
8536H3 562HO x 536 11.6 TL 26 5.0 
8536H22 S22nU Xx 2536 45 aa D> 
8536H72 518HO x 536 Lito Reo eo 
3522-25 CTR inbred 46.9 50.0 Da 
5522-29 Inc. 4522-29 bow 65.0 Das 
5522-290 4522-25HO x 4522-29 50.0 56.3 BS val 
6522-29 Inc. 5522-29 Zhe 34.4 Fao 
6522-29HO0 5522-29HO x 5522-29 Lite 64.7 6.0 
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BOLTING RESISTANCE EVALUATION TEST, SALINAS, CALIFORNIA, 1978-79 


(Test 179) 
2 replications 
1l-row ‘plots, 30.£t. long Planted: November 16, 1978 
Powdery 
Bolting Mildew 
Variety Description 7/30 10/4 6/22 
vA ho Grade 
woO22p0% Inc. '5522-29 29.2 J350 6.0 
7D22H0.Sp. 5522-29HO x 5522-29 Zia0 29.0 hfs, 
8505HO Ore. F67-563HO x FRS 2345 26.0 5.0 
8505HO Sp. F67-563HO x FRS 2070 D3 nd. 6.0 
SSO5H228Sp. 5522-29HO x FRS 10.9 120 50 
8505H1 Ore. 6564H1 x FRS 1433 24/3 5.0 
8505H2 Ore. 1502HO x FRS 9.9 20.9 535 
8505-16 Ore. FRS (663aa “= 502) 44.4 47.6 Su 
8505-16 Sp. FRS (563aa x 502) Fick 54.4. 5.0 
8505-32 Ore. FRS (563aa x 502) 726 2.0 5.0 
8505-98 Ore. FRS (563aa x 502) 363 50.0 5.3 
8505-98 Sp. FRS (563aa x 502) 74.4 76.9 S45 
8505-118 Ore. PRo (56542 375502) 925 Lie 5.0 
7563-30 FRS 563 2125 35.4 aru 
jose Ine’. 7($02aa"x) 536297) o.9 Tao 6.0 
6507 Inc. £(36saaex 450221) 18.8 28.8 6.0 
6510 Tne (502aa055 65 ) Dg? 31.8 bee 
8522-10 Ine. #/522-10 0.0 0.0 Daa 
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TEST 279. BOLTING AND MILDEW EVALUATION TEST, 
SALINAS , CALIFORNIA, 1979 


1 or 2 repetitions 








l-row plots, 30 ft. long Planted: November 16, 1978 
Stand Bolting Powdery Mil.1/ 
Variety Description Count 7/30 10/24 6/25 8/7 
No. re hb Score Score 
HYBRIDS 
464H8 (US H7A) F70-546H3 x F66-64 83 Poe Ly st 4.0 Jao 
864H8 (US H7A) # x 364 57 Poet. 2. 4.5 aie. 
US H10OB 546H3 x C17 (6169) 95 Tay 2552 6.0 oe 
US H10OB 546H3 x C17 (3084) 88 aero. ney 6.9 
U836H8 (US H11) 546H3 x C36 (78016) oe 1441. 16°53 6.0 6.0 
AC836H8 (US H11) 546H3 x C36 (78050) n5 ae hel 4 6.0 oe 
E536H8 (US H11) F70-546H3 x C36 84 2002742358 ee) 6.0 
E736H8 (US H11) F70-546H3 x C36 87 Lf a ee oS 6.0 6.0 
E836/1H8 F70-546H3 x C36 79 Pawo Velo. 7 6.5 6.0 
E836H8 F70-546H3 x E736 (Iso.) 61 953° > 16:4 585 D5 
E836H24 5522-29121 ee E736 (iso.) 87 Bigs. 5.0 8.0 OE 5 
E637H8 F70-546H3 x E537 88 es el 3 o aa 535 
E837H8 F70-546H3 x E737 65 LOS 812 +3 530 545 
717H8 (US H1OB) F70-546H3 x C17 93 Bie te 636 50 54%5 
717H3 F66-562HO x C17 85 iso 1726 6.0 Gt5 
717H4 F67-563HO x C17 84 eer. et ao 6.0 
717H21 C536HO x C17 85 Ores 4.7 7.0 OS 
717H72 C718HOB x C17 80 Ber 85-0 yes) ae 
8717H8 F70-546H3 x 7717 99 oud et 4.5 Dro 
8719H8 F70-546H3 x 6719 95 1407 614.7 6.5 6.0 
Y740H8 F70-546H3 x Y640 86 tro 1 14.0 oo 6.0 
Y746H8 F70-546H3 x Y646 88 er 8.0 a aye) 
Y823H8 F70-546H3 x Y723 83 Peer. 19.35 520 4.5 
Y826H8 F70-546H3 x Y726 87 Loe Ue) a Ds 0 
Y741H8 F70-546H3 x Y641 81 1Sto 134.6 eo 6.0 
Y601H8 F70-546H3 x COl 75 Lies. 142470 6.0 a) 
Y831H8 F70-546H3 x C31E1 rr Os9 eh 6.0 6.0 
Y731H8 F70-546H3 x C31E1 TS On? 8.0 o< 2 en) 
Y631H8 F70-546H3 x C31 79 PANT 2053 7.0 re O 
Y831H12 7546EH4 x C31E1 61 4°99 955 4.5 sand 
Y¥831H22 6522-29HO x C31E1 De eee hs a 6.5 7.0 
Y731H3 F66-562HO x C31E1 76 D 240.5 a) 6.5 
Y731H4 F67-563HO x C31E1 FA. te 5.6 Jr95 ai 
Y731H21 C536HO x C31E1 81 Oe 7.4 6.0 6.0 
Y731H29 COSOH IZ x” COLE1 ay 2.) 3.9 anu ie 
Y731H31 C718H35 x C3IE1 73 AL. 7 4.0 4.5 
¥/.31H33 3546H72B x C31E1 80 Ol 0 ae aD 
Y731H72 C718HO x C31E1 7 Deitel 2. 0 4.5 aU 
Y831HNL10 Traut x CILEL 67 6.1 7.5 ia 540 
Y831HL12 Ji sade x CSLEL 56 BO) 2A. 7 Piso 6.0 
1/ Powdery mildew scored on scale of 0 to 9 (0 = no mildew, 9 = severe mildew). 


Ratings of 6/25 at peak of initial disease development are probably more 
reliable than 8/7 ratings. 
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TEST 279. BOLTING AND MILDEW EVALUATION TEST, SALINAS, CALIFORNIA, 1979 cont. 


1 or 2 repetitions 


L-row piote, 59 ft. Long Planted: November 16, 1978 


Stand Bolting Powdery Mil. 


Variety Description Count 7/30--10/248 Gy eo 8/7 
No. 5 to Score Score 
Y831HL13 11530=1Hh2s= COLEL 46 Lie eel ONO 6.0 5.20 
Y831HLI1I5 7758-3H2 x C31E1 36 ale. OG9.. 4 5 50 
Y831HL17 Vid one, sy CoAe L 51 9.8 oo hiasS 52 5.0 
Y831HL18 7779H2 x C31EL 46 4.3 ok Sed 4.0 
Monatunno Hilleshog 85 Fiz 2.4 ea 4.0 
Hh Mono 545 Hilleshog 56 0.0 0.0 a6 4% 
E840H8 F70-546H3 x E640. 45 LS S624 A 7.0 7.0 
YiSLHLL 6744HO x C31E1 49 18'.4)7922..4 7.0 6.0 
Y831HL36 1 /44aa9% C3SLEL AL 4.9 9.8 6.0 6.0 
Ved HL? 6745HO x C31EL1 44 PoSIhT 4.5 Tou 6.0 
Y831HL37 JJ 2oaeox, Cole 41 Res ahh 3 7.0 520 
Y/31H1L3 6755HOB x C31E1 44 6c, Gels... G 7.0 5.0 
Y831HL38 7755Baa x C31EL 45 20-07 26,..0 739 4.0 
W/OLHL4A 6796-1HO x C31E1 42 e375 GL 9.. O 7450 ne 
Y¥831HL40 6796-laa x C31E1 AY; Or 575 226, S 6.0 FeO 
Ye OB HLS 6796-2HO x C31E1 42 Hla" 9.5 6.0 4.0 
Y831HL41 6796-2aa x C31E1 43 14.6. 185.6 7a 4.0 
Y831HL6 7789HO x C31E1 48 Hee 2.5 re 6.0 
Y831HL39 6789aa x C3LEL 4.0 ew 7.5 530 Re 
YesaHt/ 7790HO x C31E1 36 MT 3.9 6.0 6.0 
Y831HL22 7/90aat x C34E1 4.3 223751 7.0 6.0 6.0 
Y831HL1 7740HO x C31EL 40 BS OP9L5: 50 6.0 50 
Y831HL33 77/40Baa x GAEL 2 6.3941 9.4 6.0 5.0 
YSsLHL2 7/41HO x C3LE1 Sy 135) T9355 6.0 6.0 
Y831HL34 7741 Baar xe CoLEL 38 LOR eo 6 550 550 
Y831HL35 7 (40a09 x GSiEL 29 41.4 41.4 6.0 6.0 
Y831HL42 6/92aa) x. C3TG 29 -O7TT. 0'0 5.0 5.0 
Y831HL43 6793aa x C3TE1 39 1D a 0.5 VERS Tau 
Y831HL44 6794aa x C31EL 3h SHIT OS 6.0 7.0 
Y831HL45 6795aa x C3LEL 19 QOL 2k 6.0 6.0 
OPEN-POLLINATED : 
pespes NGS eee 58 2D SB 9 27 and 4.0 
Y¥826 ince 726 64 20% iano ao eo 4.0 
del Ja (Ores) Ine, 813A (G17) 76 ie. SaaS 22 6.0 50 
ALT Ince. 417 (CL7) 70 18e62720.0 6.0 5.0 
E637 Inge Bo37 60 Biel 6 7 6.5 Ka 
E837 Inc. E737 51 220 409.8 6.0 5.0 
F77-23 Ine. C23 71 BLL 1.3 G22 6.0 
F77-02 Inc., C02 WZ 2590 §31.9 7.0 co 
F70-13 Inc. F66-13 (C13) 42 4239 .47.6 bua 6.5 
F77-36 Ine. (636° (7822) 63 1549.4 20.6 6.5 4.5 
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TEST 279. BOLTING AND MILDEW EVALUATION TEST, SALINAS, CALIFORNIA, 1979 cont. 


1 or 2 repetitions 


l-row plots, 30 ft. long Planted: November 16, 1978 
Stand Bolting Powdery Mil. 
Variety Description Count. moO. 10724 6/25 8/7 
No. 4 te Score Score 
F78-36 Inc. F77-36 (78087) 78 dle me ek oil Ono ao 
F78-36 Inc. F77~36 (78088) 72 6.9 OL 6.0 5.0 
E536 (Sp.) Inc. E-#'s 62 Zee ls 1 qe ae 
E736 ING ho 30, (C36) #1 lS 3a O2..4 atl 530 
E736 (MS) Inés. .Ea36 . (MS) ip Linsaed5 5 6.0 4.5 
E836/1 INnCe bal0 4 Glso.) 70 pe a i ee ISU Dae 
E836/2 INC r-ukel t0m hls O's) 61 6. bueL1.5 Sea 5.5 
E836/2 (Ore.) Int. Es 30—ids0.) 2 er ee Oe hao 55 
E840 Inc. E640 48 2240625 50 es 6.0 
468 Inc. 868 (US 75) ra 22 2 DAO RD ott 6.0 O25 
Y830 BCs Yeo hd 2 BAe 32 6o Dae 7.0 
Y839 YRS Y639 78 30; 6a" 30.8 Jad 4.0 
Y6O1 Inc. Y401A (COL) hi 36,..43050 .6 DIAS 5:0 
Y631 pdoee Aesl (C3l) 80 20). Onee22 .S 5.0 4.5 
Sesie.(C31E1) BRSa Yel 92 dea 4.0 6.0 4.0 
al LG ee | tent Le.) 80 12am 2 .Q =) ete) 35D 
Y831 inc. Sale ACSIEL) 84 4.8 6.0 4a5 345 
eee (C3LEZ) YRS Y631E 100 5.0 6.0 530) 3.5 
Y841 YRS Y641 101 50 See OL. {5 48 
Y741 STi Cuel 041 95 2 ie OD ek SoG) ae 
Y840 YRS Y640 93 Zea +3 4.0 5.0 
Y740 Inc. Y640 85 dies Gan 2 6 2 5. ne 
Y842 YRS Y642 91 Lio bieeec 0 G50 6.0 
864 Inc. 364, 464 (C64) 78 Th mens 2 oo 5 4.0 
Y¥846 YRS Y646 93 ie a 8.6 355 4.0 
Y¥746 Inc. Y646 91 a oa 8.8 4.0 4.0 
Y643 (C43) ING. wee 42 hia 3 +O bau 5.0) 
Y644 (C32) Inc. 4247 40 Bo 5 a au 6.0 
Y645 Inc. 3204 43 86.0 86.0 5.0 6.0 
Y639 ERS Y439 47 Pils ket < d SU) 5.0 
ed. (CLG) Inc. tL? lsd.) 40 0.0 Leo Sou 6.0 
Y717HO (C16CMS) YOoL/HOes Yol/. (isa. ) 40 igs 2a yt 5.0 
PM-1 435-8-4-1 29 6 Sue O53 =p) 4.0 
PM-2 536-34-4-3 on 9.5 3eo 50 4.0 
PM-3 435-8-1-2 of 0.0 sa Dies ro 
PM-4 435-11-4-1 30 33 Sea Sa 4.0 
PM-5 634-18-4-3 34 29, tint «2 3.9 4.0 
PM-6 634-46-4-2 33 a: Owe 350 4.0 4.0 
PM-7 536-20-3-2 2 0.0 8.0 aS 3.0 
PM-8 536-31-3-3 36 0.0 0.0 4.0 3,0 
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TEST 279. BOLTING AND MILDEW EVALUATION TEST, SALINAS, CALIFORNIA, 1979 cont. 


1 or 2 repetitions 


l-row plots, 30 ft. long Planted: November 16, 1978 
Stand Bolting Powdery Mil. 

Variety Description Count=-7/30—10/24--6/35 8/7 
No. ds it Score Score 


SELF-FERTILE , RANDOM-MATING 


a ered eee annem 








7740 T-O-Sel. 6740aa x A 38 3St.0° Se 8 6.0 On 
8740 7740Baa x A 84 250°" 27.4 550 a 
8740HO 7740HO x 7740B 92 2220 30.4 6.0 6.5 
1742 T-O-Sel. 674laa x A 39 SOs dks 6,0 6.0 
8741 7741Baa x A 73 Wise aka 5.0 Sas 
8741H0 7741HO x 7741B 80 2020 o2e0 6.0 6.5 
7742 YRS" 57422 (Aaa) AL 34.1" °43..9 6.0 6.0 
8742 Vielen x Af 79 DO” 2h<8 6.0 Seo 
874.2H0 6742HO x 7742 75 16 Op OF 6k 6.0 5 0 
6744 (C789) 5744aa° x A 39 Ieee ass 7.0 6.0 
8744. 7744aa x A 65 DR go ee Desk 5.6 SnD 
8744H0 6744HO x 7744 83 Tooke Loot 5.0 So 
6745 Shade KeA 45 178°" 24.4 720 5 
8745 (EERE hao es 65 Ase 23.6 526 Geo 
8745HO 6745HO x 7745 a7 10°55 °° 14.0 6.0 ano 
8746 ERS 6746 (A,aa) ad 35.035 1 Seo Sea 
71747-15253 6219,20,2laa_x E-#'s 82 12.0 1 ee 70 a 
7748-1,2 6796-1-2aa x E-#'s 76 TaD Loe Dee 4.0 
7755 O/poan rx On 41 Cael 2960 Iwo 0 
8755 7755Baa x A 13 26.7. 50cd 4.0 4.0 
8755HO Ti oono x TO oa Zero. 2oSO O05 oso 
8789 ERS 6789 (A,aa) 84 306. 24.'8 6.0 Ae 
7789 6789aa x A 39 262. JOD 6.0 5oV 
7789HO 6744HO x 6789 78 26.9 3343 6.5 Jeo 
8790 ERS 6790" (Alaa) 81 155. 265 6.0 bo 
7790 6790aa x A 35 143° 2209 7/0 6.0 
7790HO 6745HO x 6790 66 2580 318 7s 6.0 
6756 Inc.) /56 35 ZOD een 6.0 Seu 
6791 4/916" 4791.Dea-x A 35 2026. 34.3 7.0 Dai 
8796-1 YRS 6796-1 (A,aa) 66 WoL eed 7.0 ane 
7796-1 6796-laa x A 63 3449), 34.9 6.0 Saal 
7796-1HO ' 6796-1HO x 6796-1 58 Zoo eo aD 6.0 6.0 
8796-2 YRS 6796-2 (A,aa) 68 t4,/2 en D Tod 5 ald 
7796-2 6796-2aa x A 67 Poe ee Teo 6.0 
7796-2HO 6796-2HO x 6796-2 63 B49 wo de 7.0 6.5 
8792 ERS 6792 (A,aa) 70 DO BOs) 3.0 4.0 
8793 ERS 6793 (A,aa) 75 Deo 1 Dikr Ilo 6.0 
8794 ERS 6794 (A,aa) 69 te. aL Uicak. Oo 6.0 
ST ERS 6795 (A,aa) 67 Ded edge 7p San 
8798 ERS 6798 (A,aa) 25 Be BOA. 4.0 4.5 
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TEST 279. BOLTING AND MILDEW EVALUATION TEST, SALINAS, CALIFORNIA, 1979 cont. 


1 or 2 repetitions 


l-row plots, 30 ft. long Planted: November 16, 1978 
Stand Bolting Powdery Mil. 
Variety Description Count—-7/30%90/24--6/25 8/7 
No. & ie Score Score 
SELF-FERTILE LINES AND Fy HYBRIDS 
6719 ERS 4717 63 21s ee 035 a3 a60 
8719 inc. 26719 47 12.026 1941 53.0 Led 
os Ly. inece/d 1g 42 0.0 2.4 4.5 Dee 
8790-20C1 ERS 5790-208 he Tee 3d OS) a_O 
8790-34C1 ERS 5790-34 63 Tak 1.6 4.5 Ban) 
8790-39C1 ERS 5790-398 64 G20) mo. 4D as 
8790-73C1 ERS 5790-738 Of. 34.4 94200 6.0 Doo 
8790-75C1 ERS 5790-75@ 62 6259104 40 4.0 Dao 
F78-546 Inc. F70-546 (78156) oe Cag 6.5 Je 6.0 
7546E ERS F70-546 83 Pe Las5 va 2D 
F66-562 6618 90 47.8 47.8 Geo 8.0 
F66-562HO0 6349 85 61. 2666352 OF 8.0 
F67-563 7433 80 46, 3400040 7.0 8.0 
F67-563H0 7432 68 55. 9ae6466 7.0 8.0 
F74-718 mme.,C/is (4470) 68 oo lapse sO Od Baan) 
F74-718HO C718HO x C718 (4169) 68 33 Oso oss 6.5 ha) 
8779 (C779) rite: 14 to 69 TD Vaeeanae aeU Lae 
8779HO (C779CMS)- 7779HO x 7779 64. Te0 mio .0 ee et 
7730 Tne. 0730 40 OflD Oy fo Le Deo 
7730H2 Teun. ol 5U 80 A570 102 «> 8.0 iT) 
ey O= 1. Inc. 6758-1 69 CSOT + 43 ee 6.0 
7758-12 6758-1H72 x 6758-1 78 aad tas has a5 
7758-3 Inc. 6758-3 66 Ta dig Ga ew 
7758-3H2 6758-3H72 x 6758-3 70 ied ae 1 3A 8.0 loa 
F70-546H3 562HO x F63-546 ip Faun, aay 6.0 6.0 
F78-546H3 562HO x 546 (78155) 86 5 ee kee 6.0 6.0 
8779H3 F66-562HO x 7779 65 LGV ees 1 Ze 6.5 
7730H3 F66-562HO x 6730 61 AAO es OU co 8.0 daa 
7758-143 F66-562HO x 6758-1 re) Lee a Vao 7-0 
7758-3H3 F66-562HO x 6758-3 70 Sees lon) 645 wel) 
8779H72 F74.-718HO x.7779 82 re Jas LGn0 6.0 aa 
7730H72 3718HO(B) x 6730 58 BO% 2a stead 6.0 a 
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TEST 279B. BOLTING EVALUATION OF HYBRID AND POLLINATOR SEED LOTS, 
SALINAS, CALIFORNIA, 1979 


5 replications 


l-row plots, 30 ft. long Planted: November 16, 1978 
Bolting 
Variety Description 7/30 10/4 
US H1OB 54603 x C17 (3084) 13°5 2208 
US H1OB ae cee COLOo) 137 23.1 
E837H8 wee XU 37) (Chines 13.8 18.3 
U836H8 (US H11) fx F77-36 (78016) . 56 9.2 
AC 836H8 (US H11) woex:. (78050) 41.4 138 
E736H8 (US H11) wae C30 14.5 17.6 
8717H8 pe eM fi, 14.6 Zico 
8719H8 ae XO OLY 19.1 25.0 
Y731H8 a xi, GOAGL 14.4 1l/ae 
417 (Ore.) ings Cl7 2 1993 
E837 InGa esos (CLI E2) ba 5 1623 
PiDOR (oD a) Tne C30 eh es 2492 
F77-36 ine@gecs36° (7322) 24.0 2433 
F78-36 Inc. F77-36 (78087) 42 4 15.6 
F78-36 Inc. F77-36 (78088) 9.0 ism 
E836/1 Inc. C36 16.8 18 3% 
Ees6/2e.Ure.) Ingwacioo CLs0.) ey 1435 
E836/2 (Sp.) InGuet On Lsoy ) 21S 2258 
TEST 279C. BOLTING SELECTION PLOTS, 1979 
Y¥839 YRS Y639 28.6 Sie 
¥840 YRS Y640 19.3 258 
Y841 YRS .Y641 46.1 58.4 
Y846 YRS Y646 Bae ee 
Y831E (C31E2) YRS -YO31E 5.0 8.0 
8719C1 ERS 67198 ad 2 325 
8720C1 YRS 6212 18.0 20.9 
8721C1 YRS 62118 13.4 Lie 


8722C1 YRS 6209@ Ded 27.3 





Ae. 


COMBINED ANALYSES OF 1979 TESTS AT 
SALINAS AND BRAWLEY, CALIFORNIA 





Acre Yield 

Variety Description Sugar Beets Sucrose 

Pounds Tons Percent 
mepes 470166/9, 14797 1579, 16795 and B379 
Y731H8 546H3 x C31El PLO 37. 35 627 TS 6 
US H1OB 546003 x C17 TOe732 S0912 14.79 
US H11l 546H3 x C36 (78050) 10,468 35.99 14.48 
Grand Mean 10,646 35 e179 TA. a1 
r50e(.05 NS NS 0.44 
Coefficient of Variation (% 8.0 faou 6. 70 
F value for varieties 1.9 NS 471 NS 5 ae 
F value for varieties x tests 0.4 NS 0.2 NS 0.5 NS 
meats 6799) 15197 and 1679 
Y731H8 546H3 x C31E1 115039 BO eo a2 
US H1OB BeOR ST CLy 11,008 37742 172 
SSE1 Spreckels! C36 hybrid LS G7 a, 37303 14.68 
oe L 546H3 x C36 (78016) 107 ST Si a24 14.47 
US Hil 546H3 x C36 (78050) 10,645 oy eke 14,32 
Grand Mean 10,870 a7 aUe 14.69 
LSD (.05 NS NS 0.58 
Coefficient of Variation (% Se 6.50 6.80 
F value for varieties 1.6 NS iz2 NS te Or 
F value for varieties x tests 0.5 NS 0.5 NS 0.4 NS 
Tests 479, 1479, and B379 
Y823H8 S46 suxey A235 10,762 35 392 14.84 
8717H8 546H3 xef/ is 10,762 S554 15.05 
8719H8 S46H3 8719 10,671 34.88 Loa L3 
US H1OB SAGs we 9C1/ 9105455 BAeo2 14.86 
Y731H8 546H3 x C31E1 10,435 34.30 15.08 
E837H8 5460H3 x C17E2 10,330 34.46 14.84 
US H11 546H3 x C36 (78050) LO, 292 34.79 14.64 
E736H8 546H3 x C36 9,639 30207 14.50 
Y826H8 546H3 x Y726 9,622 S1LS99 14.94 
Y830H8 546H3 x Y730 9 539 S2as4 14.44 
Grand Mean L07254 34723 14.84 
LSD (.05 499 L357 ies 
Coefficient of Variation (%) Sa 8.60 7a TO 
F value for varieties 7.4 %** 5.0** 1.0NS 


Fevalue for variettes. x. tests 1.6 NS DDK 0.6 
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VARIETY TRIALS, BRAWLEY, CALIFORNIA, 1978-79 


Location: USDA-SEA, Imperial Valley Conservation Research Center 
Soil type: Holtville silty clay loam 
Previous crops: 1978, fallow or small cereal nurseries; 1977, fallow or 


sugarbeet tests. 


Fertilization: Preplant: 720 lbs of 16:20:0 and 880 lbs of 46:0:0 on 
3.5 acres broadcast and disced before listing beds. 
Sidedress: 100 lbs/A 46:0:0 
Total units/acre: N(195):P905 (41):Kj0(0). 


Summary: 1978-79 Tests, Brawley, California 





No. No. PLOCS 

Sowing Entries ‘Rows Row 1979 
Test Date per No. per Length Harvest Test 
No. 1978* Test Reps. Plot** Ft. Date Design 
B179 9/14 10 10 it 40 SAIS LS 
B279 9/14 10 10 1 40 5/16 LS 
B379 9/14 10 10 2 40 5/16-17 LS 
B479 9/14 10 10 1 40 5/18 i 
B579 9/14 16 16 1 24 5/18-19 LS 
B679 9/14 80 2 it 24 Observation test 
B779 9/13 64 2 1 24 H 
B879 9/13 10 16 1 24 Late Season Rot test 
“Watered 9/14-16/78 by sprinkler. **Rows 32" wide. 


Irrigations: Sprinkled as needed to establish stand, then once following 
thinning. Then furrow irrigated on 10/12, 11/28/78, 2/2, 3/21, 4/9, 
and 4/23/79. 


Thinned: 9/28-29; 10/2-3/79. 


Diseases and insects: No insect control needed. Sulfur dust applied 2/16 and 
3/9/79 for powdery mildew control. Herbicides were not used. Virus yellows, 
probably BWYV, was evident in susceptible hybrids. Effects of yellows 
were probably light to moderate. Bolting was greater than usual but few 
plants had advanced to seed production stage and effects on yield were 
probably minimal. Incidence of root rot in yield tests was extremely low. 
At harvest, a relatively high mite infestation was present. 


Harvest and sugar analysis: Plots were dug with Holly's spike-wheel lifter. 
Roots from total plot were weighed and two sugar samples removed. Sugar, 
nitrates, and tare analyses were by Holly Sugar. Root and sugar yields 
were adjusted for dirt and crown tare. Brei nitrate ratings were made 
where values of 1, 2, ..., 9 represent 0 to>250 ppm NO3-N. 


Remarks: Stands were consistently excellent. Test reliability should be good 
despite a severe fertility gradient diagonally across the field. Fertility 
gradient was partially due to crop history and to an attempt to level the 
field to a zero grade. Leveling operations had apparently compacted 
field and many roots were severely sprangled with shallow root penetration. 


We wish to acknowledge J. Robertson and C. Brown, I. V. Conservation Research 
Center, for plot supervision and Patricia Thomas, Davis, CA, for data processing. 
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VARIETY TESTS, 1979 
By Betaseed, Inc., Kimberly, Idaho 


12 varieties x 6 replications, RCB Planted: April, 1979 
2-row plots, 30 ft. long Harvested: October, 1979 
Acre Yield 
Gross Rec. Rec. Qual. 
Varietyl/ Sugar Sugar Beets Sucrose Sucrose Index 


Pounds Pounds Tons Percent Percent 


Test 88, Nampa, Idaho 


HH22 12,914 11,595 40.64 £54.92: 14,25 89.5 
Y¥731H8 13338 12h I 41.06 16.68 14.90 Bo .2 
Y731H29 135601: 11,839 A2oo3 16.08 14.09 Bd/,0 
Y741H8 L450 Lieod 1 43.18 16.46 14.61 88.8 
Y¥741H29 135.738 11,961 43.18 15.92 13 92 87.4 
Y¥740H8 13 gh88 die ld 41.06 16.04 be 20 88.6 
Y740H29 135.326 bg hi 7; 42-4f5 15.66 bie Sita 
Average of test TSaroo 123205 G2eaoo 16525 14.42 88.8 
feo (.05 812 723 2507 0.41 0.49 0.9 
Caves (7% Batt 2°08 
Test 89, Kimberly, Idaho 
HH22 LL ie1.6 9,789 35456 17.06 LD 06 88.2 
Y731H8 11,589 10,098 34,3821 16.89 14274 Sis 
Y¥731H29 12,062 10,304 35. ok 16.84 14.47 85.9 
Y741H8 12,062 10,304 36.06 16.62 140,30 86.0 
Y741H29 115589 95892 35701 16.61 14.24 85.8 
Y740H8 rie O7 10,201 85230 Lo Ore 14.43 86.9 
Y740H29 11,470 9,789 34.66 16.50 pre] eo 
Average of test hd e825 10,304 85.01 16.91 hd. 7h BL. L 
a05 767 696 2.45 Dr 0.64 Lae 
ia Ch Owe 2.8 
Test 90, Minidoka, Idaho 
HH22 10,691 D201 S200 16.41 14.18 86.3 
Y731H8 10,931 95392 31394 17.08 14.76 86.4 
Y731H29 11,136 9,488 33.94 £6535 Tae 02 So ak 
Y¥741H8 Tte136 9,584 32.94 16.90 14.50 85.8 
Y741H29 Tt025 o2892 Bas 2a. 16.63 tAe2 i 85.4 
Y740H8 Li,d36 9,488 33.94 16.38 14.00 85 .4 
Y740H29 10,802 9. 201 33.60 16.19 13.78 85.0 
Average of test Ld. 56 9,584 23 “as 40 86.0 
LSD ~{ 05) 838 749 0.47 0.8 
cwV. Ch 


a7 eHS = C562CMS x C546. H29 = C718CMS x C536. Y731 = C31El. 
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COMBINED VARIETY TESTS, IDAHO, 1979 
By Betaseed, Inc. (Tests 88,89,90) 


Planted: April, 1979 


2-row plots, 30 ft. long Harvested: October, 1979 
Acre Yield 

Gross Rec. Rec, 
Variety Sugar Sugar Beets Sucrose Sucrose 

Pounds Pounds Tons Percent Percent 
HH22 Doe. b 10,163 o5242 16.47 14.58 
Y¥731H8 ee. PO eet i be rile - 16.89 14.80 
Y731H29 Lees S EOS5S9L ieee 16.44 14,16 
Y741H8 1254/8 10,805 Sh wees. 16705 14.48 
Y¥741H29 DLL 10,484 36.90 16.39 14008 
Y740H8 11,988 10,484 36.90 16.34 14.22 
Y740H29 11,866 105270 36.90 162 13.90 
Average of tests 122233 10,698 36.90 16362 14.52 
CSPe 05 489 428 1.48 O25 0.30 
CEVA 2.4 1°55 


Qual. Relative Quality Data 


Variety Index K Na NH9-N K+Na 
HH22 88.0 97 69 100 92 
VSS 87.6 99 100 100 99 
Y731H29 86.2 101 Lb} 99 110 
Y741H8 86.9 104 108 99 105 
Y741H29 86,2 110 110 100 110 
Y740H8 86.9 101 104 101 102 
Y¥740H29 86.2 108 104 101 108 
Average of tests Sie 100 100 100 100 


ISD (.05) O70 
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BREEDING FOR RESISTANCE TO ERWINIA ROOT ROT 
R. T. Lewellen, E. D. Whitney, I. 0. Skoyen 


Breeding for resistance to soft rot of sugarbeet incited by Erwinia was 
continued in 1979. Selection for resistance to soft rot was an objective 
in 18 breeding lines with concurrent selection pressure exerted for 
resistance to BWYV, nonbolting tendency, root size, shape, and/or sucrose 
content. In injury-inoculated tests at Salinas and Spence, approximately 
120 breeding lines and hybrids were evaluated for reaction to Erwinia and 
powdery mildew. 


Advanced soft-rot resistant breeding lines were evaluated in hybrid 
combinations at Salinas, Brawley, and in cooperation with sugar company 
researchers. The hybrids with the C36 pollinator continued to have sugar 
yield performance characteristics similar to those with the C13 or C17 
pollinators, e.g., US H9 and US H10. An official USDA-SEA-AR release in 
cooperation with the Beet Sugar Development Foundation and the California 
Beet Growers Association was made that designated the C36 hybrid with 546H3 
as US Hll. 


US H1l thus combines resistance to Erwinia with previously existing 
levels of other multiple disease resistance and yielding capacity. Currently 
then, one of the greatest sugarbeet breeding challenges in California is to 
develop breeding lines and cultivars with greater productivity but still 
have them adequately protected by existing levels of multiple disease 
resistance. Several hybrids developed outside of California and certain of 
our own experimental hybrids are known to possess significantly improved 
yielding capacity (particularly for percent sucrose) but in most instances 
these hybrids are highly vulnerable to one or more of the prevalent diseases, 
e.g., root rot, virus yellows, curly top, etc. 


Breeding for resistance to soft rot can not be maintained as a totally 
separate project but must be integrated into the comprehensive breeding 
program. In Table 1, several of the most advanced and promising lines from 
this program are compared to C13, C17, and C36 for resistance to Erwinia. 
After two cycles of resistance selection, improvements for resistance have 
been significant but in comparison to C36, these lines remain moderately 
susceptible and additional cycles of selection for resistance are needed. 
During the second cycle of selection in the development of these lines, 
combined selections were practiced for soft rot resistance, yellows resist- 
ance, and sugar yield. 1979 field tests have shown that both resistance to 
yellows and sucrose content were improved but little gain was realized for 
rot resistance. We are currently re-evaluating this multiple selection 
technique. Although a negative linkage is suggested between yellows resist- 
ance and rot resistance, we believe that a modification in the disease 
inoculation and selection sequence will allow concurrent improvements for 
Both “traits: 


Table 1. Reaction of USDA breeding lines to Erwinia after 0, 1, 2, or 3 
cycles of selection for resistance. 





Breeding % Rot/Beet* 
__Line Cycle 0 Cycle 1 Cycle 2** Cycle 3 ) 
C13 17 on == 7 (C36) 
C17 71 54 27 
Y31 41 23 22 
Y40 36 24 23 
Y41 od 22 16 
Y46 = 20 Ze 


*Mean of two injury-inoculated tests, 1979. 
**Combined selection for BWYV and soft rot resistance. 


Several small commercial lots of US H1l seed were produced in 1978. Two of 
these were evaluated in Salinas trials in 1979 and compared to US H10B and 

an equivalent of US Hl1l produced at Salinas. A summary of these tests is 

shown in Table 2. The productions of US H11l did not differ appreciably for 
yield performance or reaction to Erwinia. The two US H11 seedlots produced 

in Oregon had a similar frequency of bolters but both had fewer than the US H11 
production at Salinas. A Spreckels' C36 hybrid, SSE1, is not included in the 
summary below but appeared to have similar performance as the US H11l seedlots. 


Table 2. Comparison of US H1OB and US H1l seed productions at Salinas 
tn oh oa. 


Acre Yield * 7 Rot/ B 
Hybrid Sugar (lbs Beets (T) SucroseL/ Beet 2/ Bolting3/ 
US H10B 1720 39.35 14.85 37.6 19.6 
US Hl1 (78016)4/ 11,380 38.94 14.57 5 2 10.5 
US H11 (78050)2/ 11,310 38.23 14.74 5.9 10.1 
US H11 (£736H8)9/ 11,070 37.65 14.69 .8 


1/ Summarized from Tests 479, 679, and 1579. 

2/ Mean of two injury-inoculated tests. 

3/ Summarized from Tests 279, 279B, and 479. 

4/ Union Sugar's production at Medford, Oregon. 

5/ American Crystal's production at Salem, Oregon. 
6/ USDA's production at Salinas in 1977. 
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EVALUATION OF HYBRIDS AND BREEDING LINES TO 
ERWINIA ROOT ROT AND POWDERY MILDEW, 1979 


Test 2279 (Spence) L/ Salinas, 19792/ 


%, pm>/ % poo/ 

Variety Description p13/ Resist.4/ 9/17. DI Resist. 8/27 9/4 
OPEN-POLLINATED LINES 

Y823 Tnes.¥723 S62 tse. o veo Soe oueu ocOse ce 
Y826 Inc. Y726 24.0. 'Oh.e 2, eae 24. O 3.0 420 
Y830 THES GY730 46.6 44.6 FOS Sa. 83.7 S.0. 620 
468 Inc. 868 (US 75) 20.,.0°465.1 4.0 ©4755" 3078 G. Oeeaeo 
F70-13 Inc. F66-13 (0268) So, (eso, 2 G50 ©8205" #374 -- 8.0 
813 mie. &413C" (C13) Oo AeesL. 7 BE oe dee te po AA) -- -- 
E536 Inc. E-#'s (C36) 6.25909 7 BUS S36. GSr 7702 6.03770 
E736 Inc. E536 (C36) LcD Ole p ae %.9 °35.0 6.o 5a,0 
F77-36 inee5C369( 7322) 1S 25 2. 6 320 16 eT Tey Tc ORT no 
F78-36 Inc. F77-36 (78087) 6.1°.88.6 335 8.6 80.4 Loeer aD 
E836/2 Inc. E736 (Iso.) #.29091,5 Soom Ste, 5 =765 4. 08M So 
E840 Inc. E640 94.6 0.0 4.5 99 8 0.0 == =" 
417 tacy/138 (C17) BZ. 5)" oo. 8 a.0 90.0 “84.1 -- -- 
E637 Inc. E537 36.95=52.9 B,.5e "+ F2.0 “2403 5 0°87 =0 
E837 Inc. E737 16 5eKy4,2 a¢5 33.9" 4259 2 OC Cre 
Y839 YRS Y639 18.2 * 76.7 5 2402 YO793 3.0 435 
Y631 ines YSSLE (C319 30585560 .7 A 51.0. ©S2"6 canto. 
¥731 Inc’. Y631E° (C31E1) L978 70.5 2.0 of 3: ©5554 GeO 9S 15 
Y831E YRS Y631E (C31E2) 19 ..2°<od. 1 t.a 22.4 ~S1<0 B.5B4S 
864 Inc. 364, 464 (C64) 6,77 *87.8 2.0 9.4 ~8452 3.04.0 
Y440 ines (0175x3064) 2s 4-67.22 oon 44.7 39.6 4..0745.0 
Y740 Inc. Y640 i500 /S 5 ae 36..0°7°45059 5 0620 
Y840 YRS Y640 13.5 84.4 220 34.076 5655 5.97 46850 
Y441 Inc. (COl x C64) 18,6°.73.4 1,69°093 .6 -4223 2.0 ©S.e 
Y741 Inc. Y641 14.5 79,7 Pee eo ol 2 <a 





1/ Test 2279 at Spence Field. 1-row plots, 24 ft. long, 2 replications. 
Planted May 31, 1979. Injury-inoculated August 2, 1979. Scored for root rot 
November 13-14, 1979. 

2/ test at Salinas. l-row plots, 20 ft. long, 2 replications. Planted May 2, 
1979. Injury-inoculated July 19, 1979. Scored for root rot November 5, 1979. 
Portions of replication I were not included because of severe Aphanomyces 
infection. 

3/ DI = Disease Index =3,% rot/no. of roots. Roots scored on a scale of 

eee AVN), 7, 255-50, 7D, 93,-and LOOZ, rot. 

4/ Roots with scores of 0 to 7% were considered resistant. 

5/ PM = Powdery mildew scores. Severity of infection remained relatively low 
due to late planting, use of sprinkler irrigation, and heavy dews. Rated on a 
scale from 0 to 9. 

6/ PM was very severe. Ratings should be reliable. Test was only furrow 
irrigated and sulfur was not used on adjacent, earlier planted tests. Plots 
with severe root rot were either not scored or scores may have been influenced 
by effects of Erwinia on canopy development. Rated on a scale of 0 to 9. 
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EVALUATION OF HYBRIDS AND BREEDING LINES TO 
ERWINIA ROOT ROT AND POWDERY MILDEW, 1979 


lest 2279 (Spence) Salinas, 1979 
fe PM fe PM 

Variety Description DI Resist. 9/17 DI Resist. 6/27eeu7a 
Y841 YRS Y641 Le) erred: eo Por Oem rera 1307720 
Y746 inicy 1540 16¥05° 70.6 2.0 22564 558e5 2.07.90 
Y846 YRS Y646 14.40 fF 29 Lee 2955% 63.0 2.0 Beep 
Y842 YRS Y642 Le OR 7G. 1 4.053 159629 $226 5.2 ose 
834 Inc. 534 (1965-C534) 9°64 84.8 4.0 2736y 5308 3.0 485 
704-13 Inc. 604-13 51,20. 84.9 435 66412 14.6 5.0 686 
804-13ER Inc. 604-13 ERS 10D eaibes S ae 43414 3227 7 26 feeo 
704-15 Inc. 604-15 62.7) 22.4 JeD 86.3 8.0 2.) See 
804-15ER Inc. 504-15 ERS 63.26 29.8 dao 88.6 Bee 3.0 Sano 
HYBRIDS 

US H9B 540n3 x. Gi3 (L050) 39,00 40,3 JU 36,5609 4/02 7 UAE StO 
US H1OB 546H3 x C17 (86169) De. One A260 4.5 “2535 3oe7 > Jpe BU 
E536H8 546H3 x E-#'s i, 1 OO «1 Son 5e45 Jano 5.30 ono 
E736H8 540H3, x -BOS0 WGGO) AsGe, Ob.4 35D Bede SSe0 6.5 a6 
AC 836H8 546H3 % F77-36 478050), 85.02. 90.3 Se 607. 94.9 652 cae 
U836H8 D460H3 xX £7/7-36, 4/8016) 84.98. 92.6 4.0 324% 89.8 6.0. Yao 
SSE1 mm x F77-36 (Sprex) 2.0f OD.9 4.0 Seed Clee 6.0 Vie 
HH27 Holy aybe id B68 9416 1.5  18350,6601 Iocan 
E840H8 546H3 x E640 BO 738 Du .2 5tO0r 9 SIL OY 2aqu 7,0 fee 
/L/ES 54683 = 417 (617) 19°02 75.0 5%0 46557 S2ak 6.5 829 
E837H8 546H3°x E737 7 70Ssa7 735 4.0 2675075242 6.0 750 
8717H8 54603 x 7/17 72a. 5) 24eh8 O25 5.0 S660 
8719H8 546H3 x 6719 13-08, 00.0 320 25.8 64.8 45626 
E840H12 7546EH4 x E640 86, 18,45 .9 4.0 85.3 0.0 5.92 Gav 
E836H12 7546EH4 x E736 o. 0605.0 4.0 LObAdY S070 5.0 Gaal 
464H8 546H3 x F66-64 iL. 6a 77 .9 350 2250) 5 S240 3.0 480 
US H8 546H3 x NB7 (Holly) 205 be 0669 os 2050 me oe sO 4.0. G0u 
Y631H8 54os = LISL (Gs LEO) Doct Ol sO sl eo ee J ste 
Y731H8 o+OHS 8x” YOSIE E(Co1kI)). foun typo .e oe So eta oad J od eee 
YiSinss 546H72 x Y631E oo, 70. Jeu 43.4 36.8 3 sd pee 
Y§31Ht2 7546EH4 x Y631E Taek 7.877 ae 395 eto 4, Uae 
SELF-FERTILE, RANDOM-MATING LINES 

8740 7740Baa x A 420 . 45.6 Se AO. ee. es ao oa 
8741 7741Baa x A e308 40.2 4,0 36.4 ad 4. Coe 
8742 7742aa x A Pays yey wh sha es Sa 33.4 48.0 4.5. Deo 
3789 Vio, Osada eres 21.6 64.8 GO 1 omer 4S eee 
8744 7/44aa x A DOO Oes 4.0 ~ 45.9°* 36.9 4 as 
8789 ERS 6789 (A,aa) 2c EO0s 7 eau 3437 “S) 32 353 eae 
3790 20 aan 2 gee) ed Shp ASD ne es sk 5) ee 
8745 7745aa x A Siete ee 4.5 5/30. kia o 4.0 ae 
8790 ERS 6/90" (Alaa) 9.8 86.8 oa Fie be Aedtel o) ee | 32) aan 
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EVALUATION OF HYBRIDS AND BREEDING LINES TO 
ERWINIA ROOT ROT AND POWDERY MILDEW, 1979 


Test 2279 (Spence) Salinas, 1979 


J. _PM i. PM 

Variety Description Dine Resiet.s.—9/17 2D" Resist, 8/27- 9/4 
8746 ERS 6746-1,2.3,4(A,na), 15%: 78.5 Apa! eee AERO AEE 
8755 7755Baa x A O2.0801.6 PeOd, 200.5, 415. 2 Zale 480 
7755 6755aa x A 34.27 50.0 Jame et oh aL, Oh 3D VBE 35 
8796-1 YRS 6796-1 (A,aa) 44.4 44.8 4.0 07 es ) sk NMG oo 
8796-2 YRS 6796-2 (A,aa) Te wd Bae) 91. PUM AE > ki MODs, 3 Dax Piso 
8792 ERS 6792 (A,aa) 15 1 Se hhc 135 Qi, VOLS A a. Ohno. 
8793 ERS 6793 (A,aa) £2.28,48.8 25 14.2 82.4 SvOvar.O 
8794 ERS 6794 (A,aa) 14. 9871.2 3.0 2222815506 6.058820 
8795 ERS 6795 (A,aa) O-2eeoase ayOme2s. 2° 06554 36 U7 AO 
8798 ERS 6798 (A,aa) 19.0. 7a 2 20 Osa 2meL o3 tf. 3.0 
SELF-FERTILE LINES AND Fy HYBRIDS 

8717 PCs ay, 14 .64,30.3 ZeU 35.0 046.9 4.0 he 70 
8719 Inc..0/19 Y leeee eZ 220 a0.2 Ob 9 2.05435 
8719C1 ERS 67198 B2.10 77.4 ao0 eet. &) OF216 8.038 36 
8719BC1 67198 9.36 84.4 330 20 zOESG2aL 1 DERG 
8720C1 YRS 6212 36,85. 57..6 2.0, 8668.2 02078 1.0 :4.0 
8721C1 YRS 62118 Xb. 26.94.4 3.0 TESS. ai6 ent 
8722C1 YRS 6209 23 Omens eA) BL Uios sO 2665 4D 0-0 
e7o2o-1 inc. 0750-1 28.4 65.7 4.0 .°64.4 (17.3 fy, OBRGES 
7158-5 inc... 6758-3 42.9 . 36.4 Dan 262949015 320 95520 
8779 Dies G7 Ao) wae GO. S a 83298 Lhas eed 8 iy eo 
F66-562 Inc. 562 (6618) 23.0% 36.9 530 c PEAS <3 ya3 1 13 3. 0nc6:. 0 
8563 Inc. F67-563 koe 60.7 4.0 47:4 ° 16.7 “gta sl <0 
7563-30 Inc. 6563-30 15.0esit 4 Ss0¢ 7750 
F74-718 Inc. C718 (4170) 37.88 54.3 a.0 86.5 a2 Ae. 8 
F78-546 Inc. F70-546 (78156) DU ees B60 Te eee Swi Dil ekad 
7546E ERS F70-546 re Jae ok D0 Lo eteOcs & Ze 4.0 
8569 Inc. F66-569 3. Dan 33 23 62 1D gal0 a3 bs08 220 
4539 Inc. F63-539 2a Veo, 4.5 oY ret eS Py cee head 
F78-546H3 562HO x 546 (78155) Ss Oh B 2 +0 Dia 19.8 68:5 Esa e 
3546H72 718HO x F70-546 6,0°43¢6.9 4.5 Die Li e45 52 ‘ees S 
7551H4 F67-563HO x 5551 Le EDU 62 ae J0e0besG..) 5.0).6.0 
8536H72 F74-718HO x F75-536 Sea Ee ea Bao a9. 7 31.4 A 
8536122 6522-29HO x F75-536 ey eu der & 6.0 Lieto lono Deo) 4.0 
8779H72 F74-718HO x° 7779 246 /98H2.3 2.5 6599 ©2850 1. 4.8 
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EVALUATION OF HYBRIDS AND BREEDING LINES TO 
ERWINIA ROOT ROT AND POWDERY MILDEW, 1979 





Test. 2279 (Spence) Salinas, 1979 
: % PM hh PM 

Variety Description DI Resist. 9/17 DI Resist. 8/27: 9/4 
TEST 2279-2/ 

864H72 718HO x 364 (C64) 30259.50.0 pat) 

Y823H72 718HO "Sa Y723 TO; Obey S60. eu 

Y826H72 718HO x Y726 22.0P+ 72.9 2%5 

Y831H72 718HO x, YOSIEG(CSIET) fe22. 25807 23 BRD 

Y73th/2 7ViSHO "x. YOSlEe (C31E1) Sat) 2iyekoce 345 

Y631H72 718HO x Y331 (C31E0) 20,0586 .0 350 

Y73¢H33 546H7 25x Y631B {COlE1) .79.8"5.89°5 20 

Y601172 718HO x Y401A (C01) 25. 98464..5 Seo 

E840H72 718HO x E640 5 Se eo 0 4.5 

OF L/HI2 TLOHU eI 717 TO egy ti 60 4) 

8719H72 718HO x 6719 Ty aeeT oS. 2 Se 

717H72 TLSHO REAL? (CLe) 39 °44459.0 4.5 

Y717H72 718HO x Y617 (C16) 32 eUesoo ee ae 

717H33 S46H/29e.417 (Cis) 50. O0ues> oJ ceo 

E836H72 718HO x E736 5 OM sO ek 4.5 

E837H72 718HO x E737 74. 39"60.7 ae 

U836H8 546H3 xeE7/-30% 0/3010) 61 eos 5 4.0 

US H1OB 546H3 x C17 (86169) 13.02 o2s5 4.5 

MonoHy D2 GW lot 77-115 1.0 eos. o 4.0 

1443 Beta Seed 20. 29"69.8 Le 

Hh Mono 545 Hilleshog diploid 34.607 *5a.0 220 

Monatunno K19307"(3n) 23 OMe teee Sa 

Hh 2X Mono 81 Hilleshog Exp. VYR Hyb. 25.2 63.5 alee 

Hh Mono 774 Hilleshog Exp. VYR Hyb.24.8 50.8 ee 


7/ These hybrids were tested only at Spence Field. A combination of poor 
soil and weak plant growth caused disease incidence to be lower than expected. 
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Fusarium Stalk Blight Resistance 
J. S. McFarlane 


A Fusarium stalk blight resistance test was conducted at Salem, Oregon, in 
cooperation with the West Coast Beet Seed Company. The planting was made 

in late September and winter losses were severe. Stands of the remaining 
lines were poor and infection was less severe than in previous years. The 
plants were classified for root necrosis on August 16. Lines showing good 
resistance in previous years again received good ratings. Hybrids between 
resistant and susceptible lines were highly resistant suggesting that 
resistance is dominant and perhaps simply inherited. A selection from the 
widely used C563 inbred showed good resistance. A listing of the lines that 
were classified with their Fusarium grade follows. 


Entry Description Gradel/ 
8101 6564HO x 6554 O04 
8102 7564aa x 6554 z05 
7554 Inc. NB4 inbred 08 
8554 Inc. S14 NB4 Oe 
Y731 Yellows res. line 09 
F77-36 Inc yvErwinia'res’.’sél. cis aL? 
F70-17 Tacce ul? a 
E837 Inc. Erwinia res. sel. C17 eo 
7563-30 Fusarium res. sel. F67-563 a2 
F70-13 These e413 coi 
8505H2 1502HO x Fus. res. selections pee 
F69-546H3 562HO x 546 250 
1502 NB1 inbred .o5 
6564H1 (502HO x 563) x 4564C1 707 
8505HO F67-563HO x Fus. res. selections .76 
8564Aa 4564aa x 5564 fe0 
7522H21 536-97HO x 522 T2735 
4564aa Mendelian MS of 564 geet 
8563aa Mendelian MS of 563 Zee 
8564aa 4564aa x 5564Aa 24060 


1/ Stalk blight rated on a scale of 0 to 4 with 0 = no disease 


and 4 = dead plant. 
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Field Evaluation of Root Toughness in Sugarbeet 
I. O. Skoyen and R. T. Lewellen 


Studies were continued in 1979 on root toughness (fiber content of 
roots) of sugarbeets. Earlier field studies have been reported in 
Sugarbeet Research--1977 Report, pages A77-A80 and -1978 Report, pages A77-A81. 
Evaluation of plant age vs. root toughness was conducted in two tests seeded 
nearly three months apart. In addition, seed increases of hybrids with "soft" 
and "tough'' selections were made in 1979. 


Materials and Methods--Two tests, each with 16 entries, were seeded 
November 15, 1978 and February 7, 1979. The tests included representative 
monogerm hybrid varieties, monogerm and multigerm open-pollinated lines, a | 
monogerm Fy hybrid, and monogerm inbred lines developed at the U.S. Agri- | 
cultural Research Station, Salinas, California. Root toughness was measured ) 
on a single plant basis as ft. lbs. pressure required for a blade to penetrate 
a root 2.54 cm deep. Measurements were made in half pound increments. 
Transverse probes were made 1 to 2 inches below the crown. 





In 1979, as in 1978, an Effegi penetrometer (used to test fruit firmness 
at maturity) was used to make root toughness measurements. The blade used 
measured 1 mm x 10 mm (10 sq mm cross section) x 2.54 cm long. The dial of 
the Effegi penetrometer has a graduated dial capacity of 27 ft. lbs. pressure 
but pressures to 28 ft. lbs. can be readily interpreted. Root probe measure- 
ments were made in the field during the last two weeks of October 1979. 





Results and Discussion--As was demonstrated in the 1977 and 1978 tests, 
mean root toughness varied within and between lines in 1979 (Table 1). The 
1979 data also showed that age of plants was a primary factor in root tough- 
ness with the younger roots from Test 2 averaging three foot pounds less than 
the older roots of Test 1. Two of the tougher lines in Test 1, 8744 and 
F67-563, were also the toughest in Test 2, however, other lines often differed 
in toughness between the tests. 


Bolting ranged from 7% for 417 (Ore.) to 62% for F63-563 in Test l. 
However, bolting per se was not observed to be a particular condition to 
root toughness in Test 1 even though it has long been considered a contribut- 
ing factor in root toughness. The line, Y741, bolted 44% and was significantly 
less tough than US H1l which bolted only 12%. The increase in root toughness 
as beet plants aged was also expressed in the higher number of plants that 
required over 28 ft. lbs. pressure before the probe blade penetrated the root. 
In Test 1 the mean for extra tough roots was over 10% of all roots measured 
and ranged from 0.7% to 25% among varieties, whereas in Test 2 the mean was 
1.0% of the roots measured. 


Arranging toughness measurements into frequency classes showed that, as 
was observed in 1977 and 1978, a broad range of toughness within lines also 
occurred in 1979 (Table 1). In Test 1, the 12- to 20-1b. portion of the 
distribution accounted for 69% of the "softest" variety and 29% of the 
"toughest.'' This 12- to 20-lb. portion accounted for 90% of the plants for 
the "softest" and 61% for the "toughest" variety in Test 2. The mean for 
Test 1 was 52% and for Test 2 was 78%. 
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A comparison of environmental effects, such as climatic and soil 
influences, for the 1977, 1978, and 1979 field tests indicate that conditions 
probably were comparable for all tests conducted to this point except Test 2 
in 1978. Test 2 in 1978 was established under very wet soil conditions 
during a brief interruption in a rainy period, and subsequent rains kept the 
field saturated for weeks. The original stress conditions were evident 
throughout the growing season and the roots were the toughest encountered 
in three years of testing. 


Obviously, more precise measurements of environmental and varietal 
effects are needed and will be made in the progeny tests of selections for 
"softer" and "tougher"' beets. The progeny of selections from four sugarbeet 
lines and their corresponding 3-way hybrids in which the selections served 
as pollinators will be tested in 1980 field tests. 
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INTERS PECIFIC HYBRIDIZATION 
Cytogenetical Studies in Beta Species 
Pe yetlin elit 


Accession of the true breeding nematode resistant 
sugarbeet and the performance of its progeny 


It has been several years since the diploid sugarbeet plants with cyst 
nematode resistance were recovered from the later generation progeny of the 
interspecific hybrid between Beta vulgaris and B. procumbens. However, no 
bred-true nematode resistant sugarbeet genotypes were obtained from various 
attempts either under controlled or uncontrolled pollinations. The trans- 
mission rate of nematode resistance has always been lower than expected if 
one major gene determines the resistance. Self-pollination and cross 
pollination of the resistant heterozygous plants resulted in a larger portion 
of progeny with the resistance. The meiotic chromosomal behavior of these 
diploids was not completely normal. 


Presently, more than 40 self-fertile sugarbeet families have been 
examined for nematode resistance (Table 1). In one of these families all 
67 plants carried the resistance, i.e., there were no nematode susceptible 
sugarbeets segregating in this group. This indicated that in spite of the 
meiotic abnormalities of the parents, about 2.5% of the self-pollinated 
resistant heterozygous sugarbeets of this source yielded bred-true, probably 
homozygous, nematode resistant progeny. A few seeds were harvested from 
several of the 67 plants. Table 2 shows the performance of nematode 
resistance in progenies of the S3 generation that have been tested. It is 
obvious that the transmission rate of nematode resistance was very high, if 
not complete, for both the selfed and open pollinated progenies of plant 
3584. The two plants classified as nematode susceptible contained 11 and 15 
cysts respectively, which was only 5 cysts beyond the arbitrary criterion of 
10 or less cysts per plant for resistance in our screening procedure. This 
was in contrast to the abundance of cysts on root systems of the susceptible 
Sugarbeets. Plant No. 783 was undoubtly a heterozygous resistant plant, 
most likely resulting from the fertilization of a contaminated pollen grain. 
This plant was morphologically different from all others in the same group 
by its erect, tall, and vigorous growth habit. 


Plant 3584 demonstrated that nematode resistant homozygotes in sugar- 
beet can be produced, but at a low frequency. Sugarbeet with bred-true 
nematode resistance should also be obtainable from cross-pollination of 
self-sterile plants with the resistance. However, two plants, both homo- 
zygous in nematode resistance, are required in order to produce all progeny 
that bred-true in the following generations. Reciprocal crosses between a 
resistant homozygote and a resistant heterozygote (or even a susceptible 
parent) could produce all the progeny with the resistance from either side 
of the family, provided no foreign pollen contaminated them. In these cases 
the proportion of progeny homozygous for the resistance will depend on the 
rates of resistance transmission through egg and pollen of the heterozygous 
parent. Further progeny tests are necessary to identify those individuals 
breeding true for nematode resistance. 
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Growth profile and chromosome movement 
of a haploid sugarbeet 


The haploid sugarbeet plant, selection 2116, was recently identified. 
It was distinguishable from normal diploids at the seedling stage by its 
narrow, thin, and concave leaf lamina, elongated petiole, and the less 
vigorous growing profile. After photothermal induction, this haploid was 
moved to a greenhouse under an 18 hour daily photo period. It formed a 
smaller than normal seed stalk, yet the inflorescence was normally developed. 
The number of flower buds was also small. 

All the pollen mother cells examined were haploid, i.e., 9 chromo- 
somes. This was not the case, however, for the root-tip chromosome counts 
where a few roots contained 18 chromosomes. There were undoubtedly 
chimeral sectors in this plant. 


At meiotic metaphase univalents were usually shaped like blobs with no 
well defined arms and were irregularly scattered in the cells. Varied 
frequencies of univalents, bivalents, trivalents and the secondary associa- 
tions appeared. Though lacking in metaphase orientation, weak spindle 
fiber forces seemed to be acting in the movement of univalents. Ina 
majority of cells the nine univalents assorted into two unequal groups and 
migrated to the poles at anaphase I with all possible numerical combinations 
(Table 3). Distribution of 4-5 chromosomes were the most frequent type and 
occurred in about 37% of the total counts. Approximately 11% of the cells 
had one to six laggards in the spindle. Occasionally one or more lagging 
univalents underwent division; the divided univalents generally moved toward 
the opposite poles. At telophase I varying sizes and numbers of nuclei were 
observed, including the restitution nuclei which contained all the 9 
component chromosomes. 


The second metaphase chromosomes seemed better oriented than the first, 
but the chromosomal movement at anaphase II was frequently more irregular 
with the occurrence of laggards and spindle abnormalities of various types. 
Different sizes and numbers of monads, dyads, triads, tetrads, and pentads 
were present at sporad stage. The size of pollen grains measured ranged 
between 8 and 20 microns, but most were between 10 to 16 microns, in 
diameter. Pollen grains that were smaller than 18 microns would likely be 
nonfunctional. This monoploid plant did not set seed. 
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Table 1. Nematode resistance transmission in the progeny of 
self-pollinated resistant sugarbeets. 





Source NR Number of progeny plants % of NR 
parentsL/ Tested NR NS progeny 
0536 26 is 1 SS Luts 
3550 42 18 24 42.8 
3554 84 28 56 a Seah 
3559 45 oe 2 48.8 
3562 11 5 6 45.4 
3564 aL 12 19 Tan 
3566 42 Zh ZL 50.0 
5567 38 id 21 44.7 
3568 81 ; 2 56 30.8 
35 t 42 24 18 Tieak 
3580 41 18 28 ah. Z 
3582 39 17 22 fA 

35842/ 67 67 0 100 
3589 3 2 1 66.7 
3594 63 26 3% Ahi id 
3596 89 Way 64 28.0 
3600 aS 8 17 3200 
3602 68 28 40 Ask 
0238 2 4 7 36:03 
3460 79 38 41 48.1 
3461 2a 16 11 59.2 
3463 35 20 15 Joel. 
3464 101 41 60 40.5 
3465 26 L2 14 46.1 
3481 4 2 2 ORO 

2/ rove ' 
Sum— 1053 439 614 Gli dda 
1/ 


—~ 17 other families, including self-sterile, also showed 
segregations on the resistance. 


2/ 


—Plant No. 3584 was considered to be a true-bred; excluded 
from calculation in this table. 
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Table 2. Transmission of nematode resistance in plant 3584 and its progeny. 





# Plants # NR # NS 
Source tested plants plants Rema rks 
1/ Bf 
3584 &- 1/ 67 67 - Plant No. 783— with erect 
moped. O.P.— _28 125: Ai growing habit. 
95 95 (€100%) - 
Progeny of 3584 @- 
73198 2 2 - 
733 @ 8 8 - 
mer OP. 11 eT - 
737 ® 8 8 ~ 
743 ® 2 2 - 
744 8 8 8 - 
745@ 6 6 ~ 
747 ® 2 Z: - 
749 ® 3 3 - 
750 @ 6 6 - 
751® Li beds - 
755® 5 5 - 
759®@ 10 10 - 
765® 19 19 - 
766 ® 12 12 - 
768 @ 5 5 - 
770@ 9 9 = 
m0 O.P. 41 40 1 11 cysts on the NS plant. 
771® 14 14 | - 
7758 5 5 - 
moe. P. 1 -- 1 15 cysts on the NS plant. 
a7 0.P. 1 1 - 
tO. P. the a" ree 
190 188 (99%) 2 
7832/@ Ls JeuL47D) 8 Abundance of cysts on the 
NS plants. 
1/ 


®= self pollinated; 0.P. = open pollinated. 
2/ 


—Plant No. 783 was heterozygous for the resistance, probably as a result of 
pollen contamination. 
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Table 3. Segregation of univalents to the poles at 
anaphase I in the haploid sugarbeet plant 2116. 


Chromosome No. of cells 
distribution observed WA 
9-0 4 O75 
8-1 55 6:7 
7-2 139 BF20 
6-3 216 2655 
5-4 301 36.9 
With 1 laggard 29 3¥6 
) .2) Vageards ' ZS 304 
mm 3 to 6 laggards 36 4.4 
Chromosome divided ll 133 





Total 816 100 
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INTERS PECIFIC HYBRIDIZATION 
VULGARIS -PROCUMBENS HYBRIDS 


Helen Savitsky 


The populations of diploid nematode-resistant plants are similar to the 
usual populations of diploid sugarbeet. After several hybridizations with 
sugarbeet the nematode-resistant plants acquired many morphological characters 
of sugarbeet. These characters are controlled by different genes in the 
chromosomes of a normal B. vulgaris plant. No characters peculiar to 
B. procumbens caused by the deleterious genes of wild species have been 
observed in diploid nematode-resistant plants. We are now working with 
nematode-resistant diploid sugarbeet populations. 


The main objective of the work is to study transmission of resistance to 
the following generations and the development of homozygous nematode-resistant 
plants, all offspring of which will be resistant. Only then can the incor- 
poration of nematode resistance into commercial varieties be effective. 


For development of homozygous nematode-resistant plants the F, and F9 
nematode-resistant self-fertile and self-sterile hybrids were obtained after 
hybridization of nematode-resistant plants with inbreds and intercrosses of 
self-sterile plants. The majority of these Fj nematode-resistant plants 
crossed with nematode-susceptible plants transmitted resistance to 17-18% of 
plants in their Fy progenies. Only a few plants showed higher transmission 
rates. 


Although the transmission by pollen is much lower than the transmission 
by female gametes, the mutual transmission of resistance by female and male 
gametes considerably increased the rate of resistance transmission in the 
hybrids. To study the transmission of nematode resistance from 57 Fy self- 
fertile hybrids the 3,335 Fo plants were tested for resistance. In 43 self- 
sterile hybrids derived from intercrosses of self-sterile resistant plants 
2,016 F5 plants were also tested for resistance. Data concerning transmission 
rates from F, to F9 hybrids are summarized from 1978 and 1979 experiments. 
In self-fertile hybrids 64% and in self-sterile hybrids 38% of F, plants 
transmitted resistance from 25 to 40%. Many Fy hybrids belonging to this 
group transmitted resistance to 33, 35, 36, 38 and 40% of the plants in 
their F5 progenies. Higher transmission rates of 42, 44, 45 and 50% were 
observed in some F, self-sterile and self-fertile hybrids. 


The Fj hybrids derived from F, plants with higher transmission rates 
were selected and selfed or crossed again. F3 seeds were obtained from some 
of them in 1979. Seeds from recently selected plants will be obtained in 
1980. 


The homozygous nematode-resistant plants may be detected starting from 


the F3 generation and in all following generations. The study of transmission 
rates in F3 progenies of self-fertile and self-sterile hybrids was started in 
late 1979 and will be continued in 1980. New Fy, self-fertile and self-sterile 
hybrids will be obtained from selected F3 plants to indu ygosity in 


the following generations. 
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The first data obtained by testing the F3 progenies indicated that 
transmission of resistance to F3 progenies increased when selections were 
made in F9 hybrids for higher transmission rates. Some hybrids transmitted 
resistance to 60% and to 70% of their offspring. Most important was the 
detection of a homozygous nematode-resistant plant that transmitted resistance 
to 100% of its offspring. The 63 plants derived from this homozygous resistant 
plant were all resistant. The plant used in reciprocal crosses with this 
homozygous plant gave 87.8% (40 plants) nematode-resistant offspring. 
Homozygosity now has to be restored in the offspring of a homozygous plant 
pollinated by a resistant heterozygote, and they have to be studied cytologi- 
cally, F3 and Fy progenies of selected self-fertile and self-sterile plants 
will be tested for resistance for detection of homozygous nematode-resistant 
plants. 


Selection of plants with higher transmission by pollen during two 
generations gave good results in increasing transmission rates in the hybrids. 
Selection of plants that give higher transmission by pollen will be continued. 
The cytological study of diploid nematode-resistant hybrids included the 
study of meiosis and determination of chromosome number in selected plants. 


VULGARIS -COROLLIFLORA HYBRIDS 


Two methods are used for transmission of curly top resistance from 
B. corolliflora to sugarbeet: 1) Repeated selections for resistance were made 
in the progenies of hybrids with 27 chromosomes (9 chromosomes of B. corolli- 
flora and 18 B. vulgaris chromosomes). Seeds were obtained from 27 chromosome 
plants after pollination by diploid sugarbeet. 2) In order to obtain hybrids 
in which the resistance is determined only by B. corolliflora, tetraploid 
plants of the highly curly top susceptible sugarbeet line 742 were produced, 
and tetraploid seeds were obtained from these plants in 1979. The tetraploid 
plants may be used for obtaining hybrids with B. corolliflora. 


The chromosome number was studied in some wild species of the section 
Corollinae Tran. The species B. lomatogona Fisch. at Meyer is known as a 
diploid species (2n=18). Determination of the chromosome number in different 
plants detected that in addition to diploid plants B. lomatogona also has 
tetraploid plants (4n=36). In B. intermedia Bunge the number of chromosomes 


was unknown. It is established now that B. intermedia is a tetraploid species 
(4n=36). 


This work is conducted in cooperation with Dr. McFarlane. 
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IT. EXPERIMENTAL FIELD TRIALS 
J. C. Theurer & D. L. Doney 


Agronomic Data 


Soil Types: North Farm - silty loam 
. Farmington Farm - sandy loam 


- Fertilizer: 950 lbs/acre of 16-20-0 


Planting Dates: Farmington Farm - April 23 
North Farm - May 21, 22, Replanted June 7. 


Note: The Experimental Field at North Farm was 
treated with 1#/acre Norton Preplant herbicide 
by a commercial spray company. Poor emergence 
occurred and chemical damage to the emerged 
seedlings was evident. Experiments were re- 
planted as it was obvious that critical data 
could not be attained from these tests with 
the poor stand and evident retardation of 
seedling growth. 


Thinning Dates: | North Farm - June 20 - 23 
Farmington Farm - June 12 - 15 


Irrigations: “Sprinkler irrigated at both farms until two 
weeks prior to harvest. 


Harvest Dates: North Farm - October 15 - 17 
Farmington Farm - October 10 - 12 


Harvesting Procedures: Tops were removed by beating twice with a 
rotobeater then topped and dug with a two-row 
harvester. Beets/plot were counted as they 
went into a weighing basket on the harvester. 
Two 10-beet samples were taken at random from 
each two-row plot for sugar analysis. Al] 
beets in each plot were weighed to determine 
root yield. 


A. COMMERCIAL AND EXPERIMENTAL VARIETY TEST 


Thirteen of the current major commercial hybrid cultivars developed in the 
United States, three varieties from Europe, and several experimental varieties 
were evaluated at Logan and Farmington in 1979. Twenty-two of the varieties 
were grown at both locations. Each entry was planted in six replicates of 
two-row plots, 36' long, with plants thinned approximately one foot apart in 
the row. The Farmington plots had excellent stand, and were relatively free 
from curly top disease, but did show some powdery mildew infection and very 
little disease problems. ) 


. ha 


Sugar percentage, root yield and quality factors for these varieties are 
given in Tables 1 and 2. There were significant differences in the ranking of 
the varieties at the two locations. The best 15 varieties were not signifi- 
cantly better or worse for gross sugar than the most widely grown variety in 
this area, AH10, at Farmington. GW-D2 had the highest sugar content at this 
location. None of the experimental hybrids were among the best yielding 
entries. 


At Logan, the European varieties were among those having the highest gross 
Sugar. Beta 1237 and Ultramono had the highest sucrose content. G239,a 
hypocotyl diameter selection,was the best experimental variety tested, and 
was not significantly different from the highest yielding entry at Logan. 
The old US22/3 variety was among the lowest yielding varieties in the tests 
demonstrated that good progress has been made since this variety was used as 
a commercial. 


Table 1. Root yield, sugar percentage and quality factors for commercial 
and experimental hybrids at Farmington, Utah, 1979. 


Gia SUGdreERUaEN Ge % 


Variety Lbs/Ac _ Tons/Ac__ Sugar N Na K Index 
GWRI 11,283 3254 Ieee tn SIRES 248 1633 515 
GWD2 10,602 292358 815.0 380 203 1677 484 
Monoricca 1Oes72 £9859 el eC 3 ues) 436 1422 472 
ACH31 10,286 302069" loses 7299 454 1308 47] 
USH20 10,190 30019) 816259 8 300 361 1270 44] 
AH10 10,056 3023508 uO fC eeeoo4 297 1687 520 
Bush Monofort 9,825 20.03) aden LO, 519 1543 502 
UI8 9,744 20. OU men. 307 298 1347 440 
USH10B 9,439 29231 16912 ane4s 293 1918 574 

. 41F20+a 9,346 21 aL Ce lee cee 448 1685 527 
ACH 130 9307 28.34 16.40 293 490 1581 524 
Beta 1345 9,185 202 Dime ie eee 349 172% 555 
4\Fita On be 27.85 16.48 369 403 12 5/5a 
HH7 9,012 26.70 + 16.81 a2 353 1406 473 
41F23+a 8,984 2OvC SNE a LCOS 283 1697 545 
AH12 8,995 2/550" O oye 325 1308 440 
HH22 8,863 PAO) 0 Vise) Sal 281 1752 551 
HH28 8,84] 26.88 16.45 440 307 1708 595 
53.19 8,705 (LA NGL UG y, 288 1595 542 
G239 8,673 PIG Ome EOS 40S 526 2104 759 
Ultramono 8,640 25206— = 16585 = 452 426 1593 599 
35E1 8,246 24.46 seul OSS ee meas 303 168] 527 
US22/3 7,091 Din ol 16264" 356 378 1616 538 
46G1 6,909 19354555 17269. 366 253 1731 503 
F 6.57 7253 SPe aia 8.98 8.53 3.08 
LSD 1106.84 2.95 -90 121.00. .83.54) 188alle LOsere 
CV 10.47 9.4] 46 7.0729.45 2.70.506 +10. 20 anes eee 
Mean 9,248 21240 el O72 G9 we 09 356 1613 529 


rr NS NS Ee eee 
————————<—<$———<<§_<_é_é_a—x—<e—__e_ee—— eee 
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Table 2. Root yield, sugar percentage and quality factors for commercial and 
experimental hybrids at Logan, Utah, 1979. 


: Gr. Sugar Rt. Wt. % 
Variety Lbs/Ac Tons/AC Sugar N Na K Index 


Bush Monfort 5039 FOL eee eho 541 298 1718 503 
Monoricca 4,964 14.04 17.65 366 351] 1695 516 
USH20 4,847 14 90 cee 160215 y¢486 335 1514 607 
Beta 1237 4,702 UWS FP OP PC 204 1641 487 
Ultramono 4,624 Tet) eel One acOU Zoo 1618 407 
HH28 4,597 14.51 15.88 394 has 1743 567 
G239 4,573 b3. 88 qe 1D. Sousa. 533 2 330 1972 696 
GWD2 4,539 13.55 16.78 444 186 1733 563 
ACH31 4,531 Wee 2G. lean, 31/ 313 1497 505 
aa 19 4,515 ie cle L/erneee 453 23] 2010 629 
HH22 4,319 deeole glOrl9as 412 175 1858 581 
4lF23+a 4,292 bee A onl Se <2431 196 1814 541] 
ACH130 4,274 2250, pi /e06e «393 283 1756 549 
USH10B 4,266 da, LO Sa Oa. 400 is 1879 571 
GWR1 4,174 dee 1/5 7a Os 405 166 1560 502 
AH10 4,108 12.09 16.98 344 123 1606 463 
L53XL37 4,063 12e30 So lOebOe ~ O35 176 1789 692 
4lF2ita 4,055 he ae 6 Lae 1 235 1658 604 
oat: SHES WO lee thew Om 405 Zod 1795 5/9 
41F20+a 3,849 be AS we ie ie 1420 £34 1581 aA) 
U18 3,812 11.44 16.68 407 220 1462 514 
HH7 3,745 eco mmLO SOO. ee BOG 249 1702 616 
AH12 35003 0765516554 —-422 243 1420 523 
46G] 3,49] Ver ee cs eo) 150 1610 449 
US22/3 3,422 +O se 4eeel 627 See 436 214 1577 547 
Fo SUE po oes eno 3 6.53 SaOue o -po cree Ce0G 
LSD 884.17 2.49 poo len O Lei. 2045203.0450113:23 
CV 18.20 17.4] ovo fot e0.u) Soe 1O50e 
Mean 4,249 12temen 00 ame 230 1689 549.58 


Bo FIELD TEST = NEW LINES 


Several new lines have come out of our breeding-methods program. The most 
promising were field tested at Farmington, Utah, with some of the best com- 
mercial hybrids (Table 3). All are open pollinated, self-sterile, multigerm 
lines. All came out of broadbase composite populations except g232 which was 
a hypocotyl diameter selection. 


The new lines yielded equal to the hybrids; however, 9237 had a significantly 
larger yield than UI8 and AH12. Most of the new lines were a little low in 
Sugar, notably was the hypocotyl selection which had a good yield but was 
Significantly low in sucrose percentage. In more cases the new lines were 
higher than the hybrids in potassium, sodium, and index. 


Gre 


Line 9237 was also tested in 1977 and 1978 with-the same hybrids. The re- 
sults of these tests (two locations and two years) are summarized in Table 4. 
In these tests the open-pollinated selection (g237) performed equal to or 
better than UI8 and AH10, but below GWD2. 


These new lines will be crossed to CMS testers in the summer of 1980 to test 
their combining ability. 


Table 3. Mean root yield, sucrose percentage, gross sugar and impurity data 
for several new open-pollinated lines and commercial hybrids. 


Root Weight % Gross Sugar Nitrate Potassium Sodium 


Tons/Acre Sugar _Lbs/Acre ppm ppm ppm Index 


g237 Sony 2 16.38 1063755 445 rey 464 679 
GWD2 32.48 17409 11107 448 1677 196 548 
g239 29ec0 16.16 9418 394 2218 427 683 
g232 29200 15.64 9097 480 2200 496 779 
U18 28.97 16.64 9639 392 1468 318 525 
AH12 28. 11 16. S00ee 9477s 363 1500 263 aaeeae 
g242 26.86 lO s27 8745 608 2427 516 862 
h532 26291 T5539 8267 355 203] 603 700 
US22/3 23.84 16.44 7832 Ses 1589 34] 512 
LSD(0.05) 3.54 0.71 1194 83 lod 107 89 
F 6.36 5.02 4.70 8.74 cosa 12 Eee 
CV (%) 10.5 Sah Ose 16.7 8.9 22.0)) eee 
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Table 4. Mean root weight, sucrose percentages and gross sugar for g237 
(op line) and 3 commercial hybrids. Data are the mean of four 
tests conducted in 1977 and 1978. 


Root Weight % Gross Sugar 


Tons/Acre Sugar Lbs/Acre 
GWD2 26.9 16.0 8600 © 
g237 LAGy T5o7 7755 
U18 24.7 15.5 7800 
Ah10 Vee 8) 15e 4 7330 
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C. SWEET SORGHUM VARIETY TRIAL 


Dee ee CUNY, 


Sweet sorghum has been suggested as a potential crop for alcohol fuel produc- 
tion. This test was to evaluate its potential in the intermountain area. Seed 
was obtained from Kelly C. Freeman, Meridian, Miss. Two 120-day varieties were 
tested (Dale and Keller). Keller is a new high-sucrose variety. Plots were 

. four 30-foot rows with 32 inches between rows and replicated six times. Plant- 
-ing and harvest dates were June 5 and October 5, respectively. The trial was 
irrigated weekly by furrow. Thirty pounds N and 36 pounds P were broadcast 
prior to planting. An additional 30 pounds N and 36 pounds P were sidedressed 
July 20. The initiation of the panicle did not occur until eariy in September 
when the days were 12 hours or less. Keller was about five days behind Dale in 
flowering. Most plants were in the soft»dough stage at the October 5 harvest 
date. Maximum heights were 12 feet for Keller and 10.5 feet for Dale. Some 
mildew was observed midway through the growing season. There was a fairly heavy 
infestation of green peach aphid at harvest time. These were attracted to the 
ruptured cells on the underside of the leaves caused by an unknown disease. 


Yields are given in Table 1. Keller was superior to Dale in both stalk and 
leaf yields with 20.9 and 4.1 tons per acre, respectively. Keller also had 
higher dry weight percentages. The dry weight yields for Keller were 2.3 and 
5.3 tons per acre for leaves and stalks. A complete sugar analysis is unavail- 
able at this time. However, preliminary analysis for Keller indicate: su- 
crose 10%, glucose 2.1%, and fructose 0.5%, for a total of 12.6% fermentable 
Sugars. 


Table 1. Fresh weight, % dry weight and dry weight for leaves and stalks of 
Dale and Keller sweet sorghum. 





Fresh Weight *% Dry Weight Dry Weight 
Leaves Stalks Leaves Stalks Leaves Stalks Total 
Dale 304 17.9 54.4 2 ete: 1.9 3.9 5.8 
Keller 4.1 20.9 56.1 25.1 a3 Be bw. 6 
LSD 0.5 3.6 B24 P29 


It should be noted that sugarbeet variety. trials planted in the same field re- 
ceived 150 Ibs N per acre and yielded between 25 and 30 tons per acre with a 
16 percent sucrose content. 
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II. SELECTION METHODS 
MATURE ROOT SELECTION FOR TAP-ROOT LEAF-WEIGHT RATIO AND ROOT SIZE 


J. C. Theurer 


In 1978, Snyder and Carlson (1) reported results of selecting superior geno- 
types for breeding based upon the ratio of the tap root to leaf blade-fresh 
weight ratio (TLWR). They concluded that differential partitioning of photo- 
synthate occurs early in the plant and that these differences are maintained 
throughout the growing season. They felt that independent selection could be 
made for root size and root-leaf ratio since there was a relatively poor cor- 
relation between root- weight and TLWR. They pointed out that breeders in the 
past focused attention on tap root weight alone at the end of the growing 
season and failed to recognize differences in partitioning and its effect on 
economic root yield. 


MATERIALS AND METHODS 


In 1978 a large selection block of each of two highly heterogeneous populations 


was planted at the Utah State University Evan's Farm near Logan. In the latter 
part of September all competitive beets were harvested and separated into leaf- 
blade, petiole, and tap-root components. Weight of each component was ob- 
tained and the TLWR ratio was calculated. All roots with weight exceeding the 
mean of the population were evaluated for specific gravity (an indication of 
sucrose content) using a salt-solution. . 


Seed increases were made of several different selection groups listed in 

Table 1. Selections exceeded at least one standard deviation for each factor 
used as a selection criterion. The selections were planted in 1979 in a field 
trial in six replications at Standard 22" row width with 12" between plants . 
within the row. Due to poor stand explained previously (see commercial 
variety tests in this report), the experiment was replanted June 7, 1979, and 
harvested October 16, 1979. This resulted in a short growth season of only 
130 days and resulted in lower root yields than we would expect during a 
normal growth season. However, the comparison of selections with their parent 
population should be similar regardless of the length of the growth period. 


RESULTS 
The results of this experiment are shown in Table 1. 


Selection for large roots and high root-leaf ratios was not effective in in- 
creasing yield in either population. Selection #3 from population 35F2 had 
Significantly higher root yield and gross sugar than the parent population. 
This selection was made on the basis of plants with large roots and large tops 
at harvest. The parent 6F2 had significantly greater yield than every select- 
ion made from this population. We note, however, that the selection for high 
root weight and large tops was the selection with the highest yield in this 
population also. There was no change in sucrose percent between the parents 
and the selections in either population. 


a 
IG 
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The 6F2 population was previously tested for TLWR in the seedling stage at 
Logan and at Beltsville (By Dr. F. W. Snyder). There was highly significant 


variation between plants in the population.. Therefore, TLWR selection should 
have’ been effective. 


Based on data from this test we would conclude that selection for TLWR at 
harvest is not an effective means of improving root yield. Either differences 
in TLWR are not carried through until harvest or TLWR is not an effective 
means of selection for some genotypes. 


Bo 
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IIIT. PHYSIOLOGICAL GENETICS 


D. L. Doney 


Increased root yields of sugarbeet have generally been accompanied by decrea- 
ses in Sucrose percentage. Plant breeders have been unable to break this ne- 
gative relationship. A knowledge of the physiology of this negative relation- 
ship would give the plant breeders a foundation from which to develop more 
effective breeding methods. Last year (Sugarbeet Research, 1978) we reported 
. on the effects of cell size and cell division rate on root yield and sucrose 
‘percentage. Genetic differences in root yield are due to genetic differences 
in cell size. The negative relationship between yield and sucrose percentage 
is due to the opposite effects of cell size on root yield and sucrose percen- 
tage; i.e., large-celled genotypes have larger roots and are low in Sucrose 
concentration, whereas small-celled genotypes have small roots and are high 
in Sucrose concentration. 


We have pursued this theory more extensively this past year to include gene- 
tic and heterosis studies. 


A series of seven tests were conducted in this investigation. Al] cell-size 
and cell-division rate studies were conducted in the greenhouse. Cell size 
and cell-division rate were determined microscopically from stained root-cross 
sections of sugarbeet seedlings. Root yield and percent sucrose data were 
obtained from replicated field trials. 


The first two tests were to confirm the cell-size and cell-division rate re- 
lationships developed last year. 


Test 1 


Fourteen cultivars grown in a replicated field trial in 1978 were grown in the 
greenhouse and the mean cell size determined at 21 days (Table 1). A highly 
Significant correlation of -0.85 was obtained between sugar percentage and 
mean cell size. The high sugar line had the smallest cells, (almost twice 
the low-sugar line). There were some deviations; however, most fit the re- 
gression line fairly well. 


Test 2 


Two females (L53 and L33) crossed to the same six males were tested in the 
field and in the greenhouse. Data were recorded for root yield, percent su- 
crose from the field, mean cell size, mean cell number (radius of cross-sect- 
ion) number of rings, ring width, and cells per ring from the greenhouse test. 
Table 2 gives these data summed over the six males. 


The L53 hybrids significantly outyielded the L33 hybrids but were no differ- 
ent in sugar percentage (Table 2). This increase in yield was due to an in- 
crease in cell number (cell division rate) and not cell size. There were more 
cells per ring causing the rings to be wider but no difference in ring number. 
This substantiates our earlier tests. Since there was no difference in the 
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Sugar percentage, cell size should not be different. 
should, therefore, be due to differences in cell division rate, which was the 


observed result. 


Differences in yield 


a aa 


Table 1. Correlation of sugar percentage and mean cell size for fourteen 


oe cultivars. 
Cultivar Sugar bello 1Ze 
7 cu3x10°8 
LAS eso 239 
46F3 18.1 2 20 
L53 Wt 2.98 
28F] j760 3.03 
6F4 ee 2.96 
Beta 1345 16,7 O27 0 
g242 123 3.45 
AH12 16.3 34 99 
AH10 16.2 3.94 
Ul#8 ; Tom 4.23 
USU20 e526 <3 06 
UL51 Lon 3.87 
ey, 15.0 4.03 
gl] 14.9 4.44 
LSD (0.05) Ony 0.73 
r = -0.85° 





Table 2. Root yield, percent sugar, cell size, cell number, ring number, 
ring width, and cells per ring for L53 and L33 crossed to the same — 
six males. Data are summed over males 


Root Cell Size 
Female Yield % 


Parent T/A Sugar cmex1078 
L53 2) od, 15.5 Aer 
3s Za 15.5 4.22 
Difference B35 0.0 0.05 
LSD.05 1.0 eG 0.49 
Test 3 


Cell Number 
Cells/Radius Rings CM No. 


50.0 
46.0 


4.0 
oh 


fas 
2.00 


0.03 
0.035 


Ring Cells/ 


Width Ring 
1.73, Tomes 
1.63 18.50 
0.102! SaaS 
0.08 1.00 


In Test 3, four L29 hybrids and inbred parents were tested in the field and 
in the greenhouse (21 days old). The four male parents differed widely in 

their combining ability for yield and sugar percentage (Table 3). Cell size 
was inversely correlated with percent sugar, i.e., the high sugar hybrid had 
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the smallest cells and the low-sugar hybrid had the largest cells. There was 
also a positive correlation of root yield and cell number; however, cell size 
also effects root yield and tends to confound this correlation. 


Table 3. Sugar percentage, cell size, root yield and cell number for four 
L29 hybrids. 


Sugar Cell Size Root Yield celiss 
‘ cm? x107? T/A Radius/21 Days 
L29 X L19 18.7 6.89 24.5 75.7 
L29 X 153 15.8 6.95 o785 84.0 
L29 X L35 15.7 7.02 29.9 73.6 
L29 X L38 14.2 7.04 27.9 78.6 
LSD (0.05) 0.8 0.92 4.6 5.0 


Heterosis (greater than mid-parent) was calculated for root yield, cell] num- 
ber, sugar percent and cell size (Table 4). Highly significant heterotic 
effects were obtained for root yield and cell number. The size of the he- 
terotic effect for root yield was highly correlated with the size of the he- 
terotic effect for cell number (Table 4). We seldom observe heterosis for 
Sugar and in this test the only hybrid to approach significant heterosis was 
L29 X L35 (Table 4). For cell size, hybrid L29 X L53 exhibited significant 
heterosis and L29 X L38 approached it while the other two were non-signifi- 
cant. These data strongly suggest that root yield heterosis is due to cell 
division rate heterosis and not cell size. It also suggests that cell size 
is determined by additive gene effects and cell division rate is affected by 
non-additive gene effects. 


Table 4. Heterosis (greater than mid-parent) for root yield, cell number, 
Sugar percentage and cell size of the four L29 hybrids. 


Yield Cells Sugar Cell Size 

T/A Radius/21 Days s cm?x107? 
E29 X.L53 Toe/ 13370 -0.10 122] 
peo X- 138 P3e2 10.00 0.51 0.89 
L29 X L19 8.5 9.28 0.11 0.65 
Bede ks LD 6.9 3.64 0.70 Ovi 
For Signi- (0.05) 
ficance 

4.7 4.28 0.1 0.90 

Test 4 


This test was very similar to Test 3. Four male inbred lines were crossed 
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to L29 and tested in the field and in the greenhouse (inbred parents and FI 
Hybrids). Greenhouse data was on 21-day-old plants. 


Cell division rate (cell number, Table 5) was correlated with root yield. 
Differences in sugar concentration was not as great as in Test 3; however, 
cell size tended to correlate inversely with sugar concentration except for 
hybrid L29 X L21. This hybrid had an unusually small cell size and did not 
fit the pattern of all previous data. -It even gave a significant negative 
heterotic value for cell size (Table 6). 


Table 5. Root yield, cell number, sugar percentage, cell size and potential 
volume for four hybrids. 


Root Yield Cell Number Sugar Cell Size Relative Volume 


T/A Cells/Radius %  CM°X1072 «Cell X Cel] Size 
L29 X L53 20.8 90.2 [Stosomasad 523 
L29 X L2] 20.2 33.9 15.7. «4.30 361 
L29XL19 —«X18..5 91.9 162-00 461 
L29 X L35 16.8 77 ae ene 0 eee in 393 
LSD (0.05) 2.1 67 0.7 92 


Heterosis for cell division rate (cell number) was correlated with heterosis 
for root yield (Table 6). Neither sugar concentration nor cell size gave 
Significant heterosis except hybrid L29 X L21 as previously mentioned. 


These data again suggest that heterosis is due to differences in cell divi- 
Sion rate rather than cell size. 


Table 6. Heterosis for root yield, cell numbers, sugar percentage and cell 
Size of four hybrids. 


Root Yield Cell Number Sugar Cell Size 
T/A ; 


Cells/Radius % CM~ X10 
L29 X L53 ver 14.5 Day Osis 
P29exi led 6.0 oes 0.37 -1.20 
L29 X L19 3.8 We 0.29 0.00 
b29._X 35 Fe 122 0.83 0.02 
For Signi- (0.05) 
ficance 
2.0 6:7 0.70 0.92 
Test 5 


This test was designed to measure combining ability for cell size and cell 
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division rate. The test material was crossed to form a5 X 5 diallel and in- 
cluded the inbred parents. Testing was conducted on greenhouse grown 21-day- 
old plants. No field data were available. The parent means and hybrids means 
differed significantly for cell size (Table 7). When heterosis was summed 
over hybrids for each line, only one line gave a significant heterosis effect 
for cell size. 


Table 7. Cell size (cM?x107?) for 5 X 5 diallel and mean heterosis for each 
line. 
Mean 
A4 Abd F4 F6 El Mean Heterosis 
A4 14 | 8.34 iVnto 8.63 TEVA 8.40 | OFZ 
A5 11.08 13.49 #25 88 9.15 10.79 0.58 
F4 V1. 12 93k) 207 10.73 116] 1.34 
F6 ee 0915 9.92 10.458 0.94 
] 6.70 8.85 1.03 
LSD (0.05) 1.06 
For Signi- (0.05) ats 
ficance 


Cell division rate (cell number) gave different results. There were dif- 
ferences in cell numbers between inbred parents and between hybrid means but 
differences were smaller than for cell size (Table 8). However, highly sig- 
nificant mean heterosis effects were observed for each parent in cell divi- 
Sion rate (cell number). There were also differences between parents for 
mean heterosis of cell number. 


Table 8. Cell number (cells across radius of cross section) for 5 X 5 diallel 
and mean heterosis for each line. 


Mean 
A4 A5 F4 -F6 = 4 Mean Heterosis 
A4 76.6 99.5 108.5 104.7 93.3 96.5 eon 
A5 85.3 97.8 LO 9S ot02 £5 97.4 Wye 
F4 85.6 95.1 92.1 95.8 15251 
F6 A 87.0 92.1 96.2 15.10 
EI L1.6 90.3 Le oo S 
LSD (0.05) sal 
For Significance (0.05) 3.55 


General and specific combining ability was analyzed for both cell number 
(cell division rate) and cell size (Table 9). The relative proportion of the 
total genetic variance connected to the two combining abilities was reversed 


~ B15 '- 


for these two characters, i.e., genetic differences for cell number were 
largely due to specific combining ability (SCA) effects whereas genetal com- 
bining ability (GCA) effects were the major contributors to genetic differ- 
ences in cell size (Table 9). Since GCA effects are largely due to additive 
gene action and SCA effects reflect non-additive gene action, we can conclude 
that cell size is affected by additive genes and cell division rate (cell 
number) by non-additive genes. 





Table 9. General (GCA) and specific (GCA) combining ability of 5 X 5 diallel. 
for cell number and cell size. 


Cel] Number Cell Size 
ihe ms F 
GCA 4 55.59 1600** .1169 37 .01** 
SCA 10 127.25 Poe <> .0070 2.235 
error 510 7.05 0031 


mo. — Signuticanteatepeae0.D) 


Tests of 6 and 7 


Cell size and cell division rate (cell number) were measured in a 3 X 3 males 
times females cross at 15 (test 6) and 25 (test 7) days of age. The effects 
of each line summed over its crosses is given in Table 10. There were dif- 
ferences between lines for both cell size and cell division rate (cell num- 
ber). Lines used as males had greater differences for cell division rate 
(cell number) than the lines used as females, whereas the female lines 

showed greater differences for cell size than the male lines. There was good 
agreement in ranking for the two dates of harvest (ages). 


Table 10. The effects of each line of a 3 X 3 males lines females cross on 
cell size and cell division rate (cell number) at 15 and 25 days 


of age. . 


ca ee Cell Number 

CM” X10 Cells/Radius 
Males 15 day 25 day 15 day 25 day 
L19 o29/ ele 38.3 96.0 
Ss /, 4.03 5.96 Sid 89.6 
125 4.05 6.36 pum Jo. 
Los0e05 55 ~45 250 4.3 
Females 
53 atrish) 6.24 38.6 94.6 
A4 3.10 4.87 SOc 94.8 
A7112 5t03 6.82 37a, Sd 
bSDEQt05 .55 45 2.0 4.3 


Saeco eters ° . 
Sr rn eg soccer ee eg SSE RUC 
nnn a ee 
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General combining ability was the main effect (highly significant) for cel] 
size at both ages (Table 11). There was no significant specific combining 
ability for cell size. Significant general and specific combining ability 
was obtained for cell division rate (cell number) at both ages (Table 11). 
Specific combining ability was more important for cell number than general 
combining ability. 


Table 11. F ratios for general and specific combining ability for cell size 
and cell division rate (cell number) of a 3 X 3 males times fe- 


males cross at_15 and 25 days of age. 





ea es Cells Number 
CM~ X10 Cells/Radius 
15 day 25 day 15 day 25 day 
GCA oe Bb. es sae 6.440 
SCA Zea S 1. ins 6.00 Deila 


xx = Significant at p = 0.01 


From this data estimates were made for additive and non-additive genetic var- 
jance (Table 12). Additive genetic variance accounted for 79 and 91 percent 
respectively of the total genetic variance for cell size. The opposite re- 
lationship was observed for cell-division rate, i.e., non-additive genetic 
variance accounted for 82 and 70 percent, respectively, of the total genetic 
variance for cell number. 


Table 12. Variance estimates and percentages of total genetic variance of 
additive and non-additive effects for cell size and cell division 
rate (cell number) at 15 and 25 days of age. 


Cell Size (CM°X10-°) Cell Number (Cells/Radius 


15 Day 25 Day 15 Day 25 Day 
i40 Leot » Of Or 











Veen OUCd sev Leh gene Total Vv Total 


Additive 1.05 19e Tee 05 SITE o5 18 17.01 30 
Non-Additive 0.28 Zi 40,40 Um l0.3] Clmmeoo. U2 70 


VY = Variance 


These results suggest the following conclusions: 
1. Differences in percent sugar are largely due to differences in cell size. 


2. Differences in root yield are due to genetic differences in both cell 
Size and cell division rate. 


-epl7e 


The negative correlation between root yield and percent sugar is due to 
the inverse effect of cell size on root yield and percent sugar. 


Cell size is largely conditioned by additive type genes. 
Differences in cell division rate are due to non-additive genes. 


Heterosis is due to increases in cell division rate and not to increases 
Inve) lwSazes 
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IV. GROWTH ANALYSIS 
A. GENOTYPE TIMES PLANT DENSITY 


D. L. Doney 


Past plant density studies in sugarbeet have largely been within row-density 
investigations. Using current sugarbeet hybrids, very little effect is ob- 
.served between stand densities of from six inches to 18 inches in the row. In- 
creases in yields have been obtained by decreasing row-width from 30 inches to 
22 inches. Row width of at least 22 inches is essential for the present me- 
chanization of sugarbeet, i.e., tractors, planters, harvesters, etc. There- 
fore, there has been little reason for investigating row width of less than 

22 inches. 


If significantly higher yields could be achieved at narrower row widths, the 

mechanization could be adopted to fit it. In addition, if fodder beet is to 

be used as a fuel crop on a large scale, new harvesting methods and equipment 
need to be developed that could be effective on narrower rows. 


_ Breeding over the past thirty years has been for vigorous hybrids. The vigor 
of these hybrids has been sufficient to adjust and compensate for within row 
distances of up to 18 inches between beets. Less vigorous inbreds cannot com- 
pensate for such wide distances, and under our present practice of 22-inch 
rows, always yield less than the hybrids. 
This study was designed to answer the following questions: 
1. Since present hybrids will not compensate for distances greater 
than 18 inches, can we increase hybrid yields by decreasing 
row widths below 22 inches? . 


2. Will less vigorous inbreds equal hybrid yields at closer row 
widths? 


3. Can we increase total sugar production by growing high-sugar 
inbreds at narrow row widths? 


METHODS AND MATERIALS 
The following hybrid and inbreds were selected for testing: 


GWD2 = Very vigorous hybrid, med sugar. 


C17 = Vigorous inbred, low sugar. 
L10 = Small top, large root inbred, med-low sugar. 
L19 = Large top, small root inbred, high sugar. 


Row widths were 12 and 24 inches. Plots were eight and four rows for the 12 
and 24-inch row widths, respectively, replicated six times. The center four 
rows of the 12-inch and center two rows of the 24-inch width were harvested. 
Harvesting and topping were bys hand. Data taken were root and top fresh and 


Toe. 


dry weights, sugar percent, plant density and impurities. 


RESULTS 


All data taken were affected by row spacing (Table 1). Highly significant in- 
creases in yield (gross sugar, root fresh yield, root dry yield, leaf dry yield © 
and non-sugar dry yield) and percent dry weight (root % dry weight, leaf % dry 
weight, non-sugar % dry weight and % sugar) were obtained at the 12-inch over 
the 24-inch row spacing. Quality factors, (nitrogen, potassium, sodium and 
index) were lower at the 12-inch row spacing. 


Table 1. All data summed over varieties for 12 and 24-inch row spacings. 


Row Spacing 
IZatnen 24 Inch LSD.05 


Gross Sugar (Lb/A) 9390 7615 329 
Root Fresh Yield (T/A) 2o2i3 23.48 0.91 
Percent Sugar ' 16.81 16029 033 
Root % Dry Weight: 22.44 21.44 0.62 
Leaf % Dry Weight 152708 i525 1.00 
Root Dry Yield (T/A) 6.27 bg02 0.22 
Leaf Dry Yield (T/A) 2.64 1.89 Ora7 
% Dry Weight (Non-Sucrose) 8263.2 5b 14 0.26 
Dry Yield - Non Sugar (T/A) 1.58 1.19 0.11 
Nitrogen (PPM) 415 49] 36 
Potassium (PPM) 1693 1897 108 © 
Sodium (PPM) 281 34] 29 
Index 562 670 38 
Plant Density (Plants/A) 46911 19806 1116 


There were significant differences between varieties for all measured char- 
acters except index. 


There were significant spacing x variety interactions for all quality factors 
(nitrogen, sodium, potassium, and index). In each of these measurements, lines 
L10, L19 and GWD2 were significantly lower at the 12-inch row width, whereas 
line C17 was only slightly but non-significantly lower. This different reaction 
of C17 (row-width) to the other lines caused the significant interactions. 


The only other significant interactions were for root yield and gross sugar 
(Table 2). The interaction for percent sugar was very close to Significant. 
GWD2 (a vigorous hybrid) increased in root yield less at the narrower row width 
than the less vigorous inbreds resulting in the significant interaction for 
root yield. There appeared to be a regression of row width effect on vigor, 
i.e., the less vigorous the genotype the greater increase in root yield at 
12-inch over the 24-inch row width. 
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Table 2. Data for each genotype at the 12-inch and 24-inch row width. 


Row Genotype 


Width LSD 
Measurement L10 L19 OKA GWD2 9.05 
Rt Yield (T/A) iz: Coe Le AOCOASeC ESC Ie S| Om oo 


2A mee SOUR 8zs2e 25z025029 50 


Bewondate-eruoueeg a. leaeeo 1612096157704 -19.004, 15.55;; 17.00,,.0: 70 
Cong Mavecom 1672950 1k5. Tee lG od 5 


Gross Sugar (Lbs/A) heume Sotcmeeco9onme S6520quR10707— 657 
eA Hiec/O60 1668/7 «7138 9882 


Rt % Dry Weight icheeteO.G50n25.76 F20°668 22268 0976 
24% eyl9e75 8245630 19.546 21782 


Rt-Dry Yield (T/A) 12? GO. 10aPS05 tOnge5. 25 we 2142 0243 
24" 4.43 4.51 4.60 6.43 

4 6 

4 6 


229 
nt 


a/6 teak: 68e80.60 


% Non-Sucrose Dry Weight 122 5 
coun 4e4 1 ¥en 5-07 


24" 


Non-Sucrose Dry Yield (T/A) 12" 164645 1260 aynd 4300+ 1: 80R0222 
24" 1606e96) ddd G1203'— 1249 


Leaves-Dry Yield (T/A) ae 2.16 


(7,00 wee Orne. 915 0243 
24" TeoCMeEe -l Cen. O (eee 
R/S Ratio (dry) gi 2s Ztocin-eatoehecseO « 2.45 
24" Det lee es Om O49 Wt 2 OO 


Sugar concentration tended to follow this same regression; however, differences 
were not as large resulting in a non-significant interaction. This increase 

in the row width effect of the less vigorous genotype for root yield and per- 
cent sugar resulted in a significant gross- sugar interaction. 


Not only were the root yield, percent sugar, and gross sugar increased at the 
narrower row width, but significant increases were also obtained for percent 
non-sucrose dry matter (Table 2). 


Twelve-inch row width increased top yields more than root yields resulting in 
a significant change of the root/shoot ratio. 


These results suggest several conclusions: 


1. Increases in yield can be obtained at narrower row widths than the 
Standard 22-inch width with our present vigorous hybrids. 


2. Inbreds tested at the standard width have insufficient vigor 
to effectively utilize all the space available. 
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Yields equal to our best hybrids can be ‘obtained from some inbreds 
if grown at their optimum (narrower) row width. (Note L10 at 12 
inches versus GWD2 at 24 inches). 


The partitioning of the photosynthesis may be the important 
factor for increasing yields at narrow row width. The L10 
genotype has a large root and small top (R/S ratio, Table 2), 
and showed a greater increase than the L19 genotype which has 
a large top and small root (R/Sratio, Table 2). 


Narrower row widths will result in increases of both sugar and © 
pulp yields. 
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B. PARTITIONING OF PHOTOSYNTHATE TO COMPONENT 


PARTS OF SUGARBEET PLANTS 


doyGhaTheticer 


The sugarbeet plant can be separated into four component parts: the blades, 
petiole, tap root, and fibrous root. During the first few weeks of ontogeny, 
the petioles and blades are the dominant sinks. Subsequently, most of the 
photosynthate produced in leaves is transported to the root, the important 
“economic part of the plant. Snyder and Carlson (1) found that their selections 
for high and low tap-root/leaf-blade weight ratio also differed in the amount 
of dry matter in the tap root versus the amount in the fibrous roots. They 
Suggested that the difference between high and low-yielding varieties might be 
the difference in their partitioning to tap root versus fibrous roots. It 
would be impossible to try to determine the amount of fibrous roots versus tap 
roots under field conditions. This is evident because of the difficulty of 
harvesting the fibrous root portion; however, under greenhouse conditions, for 
a Short period of time, one can recover the fibrous roots as well as the tap 
root and make a comparison between varieties. In 1979 we studied the dry 
matter partitioning to blades, petioles, tap roots and fibrous roots for six 
varieties that differed greatly in their root yield and sucrose content at 

' harvest. These varieties are listed in the first column of Table I. GW-D2 
and UI-8 are high-yield commercial varieties. Blanca is a fodder beet having 
high yield but low sucrose content. L53 x L37 is an experimental yield type 
hybrid. L53 x L19 is a high-sugar content hybrid, and EL40 is the line that 
was used by Snyder and Carlson (1) in their selection studies. 


Table 1. Fresh weight of blade, petiole, tap root, and fibrous root for sugar- 
beet genotypes after 40 days growth in greenhouse 


Blade Petiole Tap Root Fibrous Total 

FAW. FLW. F.W. Root F.W. F.W. 
Variety gm gm gm gm gm 
GW-D2 9.94 a 5.12 a .99 ab 1.92 a 18.03 a 
UI-8 Os a 4.99 a -o1eD lav dna 16.95 a 
Blanca 8.28 a 5.08 a da 1.86 a 15.99 a 
LOaAL GS esuad 4.79 a leelaa 1.69 ab ‘bam Ler 
L53XL19 9.58 a Od .99 ab 1.96 a 16c072a0 
EL40 ete owas 2.81 b Pic lee Wacom 
Mean 8.78 Ae] Sa .94 le 7h Loe23 
LSD.05 1.63 1.26 .28 ane Bae 


ay Duncan's multiple range test. Means having the same letter are not 
Significantly different at the 5% level. 


_ These varieties were seeded into the fine washed white sand in six-inch pots 
inserted into a sand bench in the greenhouse. Care was made to seed plants at 
the same depth, with the same amount of sand covering the seed. Two days 


* 
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after emergence the plants were thinned to a single plant per pot. Each pot 
was watered daily with 50 ml of a complete nutrient solution. Plants were 
rotated twice weekly from front to rear and left to right in the bench. They 
were grown under constant gro-lux lighting. After 40 days growth the leaves 
of petioles were trimmed from the roots and weighed. The sand was washed away 
from the roots, and subsequently the fibrous roots were separated from the tap 
root. The roots were blotted dry of all free mojsture and weighed for a fresh 
weight. All component parts were dried-in a 100 F. oven and weighed to deter- 
mine dry matter. Each variety was represented by 17 plants in a run and five 
repeated runs of the experiment were made. 


Table 2. Dry matter of blade, petiole, tap root, and fibrous root for sugar- 
beet genotypes after 40 days growth in greenhouse. 


Blade Petiole Tap Root Fibrous Total 
D.M. 


D.M. D.M. Root D.M. D.M. 
Variety gi gm gm gm gm 
GW-D2 .78 ab JZ27@ab .10 ab .27 ab 1.43 ab 
UI-8 S7e@eab .29 a .10 ab .27 ab 1.40 ab 
Blanca .62 b .26 ab. 207% .27 ab 1.21 ab 
L53XL37 .74 ab e20%a 14a. 25 ab 1.38 ab 
L53XL19 B28 .32 a ¢V4eab .319a 1.56 a 
EL40 B6 38D .18 b .08 bc 24 b wis. 6 
Mean 2 .26 | .10 .27 1.35 
LSD.05 17 ots 07 .03 .07 ($2 
RESULTS 


The fresh weight of the blades, petioles, tap root, and fibrous roots are given 
in Table 1. With the exception of the EL40 variety, there were few differences 
in fresh weights. Dry matter of the component parts for each variety are list- 
ed in Table 2. L53 X L19 produced the greatest amount of dry matter in 40 days 
and EL40 the least. L53 X L19 also had the largest amount of dry matter in the 
blades and Blanca and EL40 had the smallest amount of dry matter for blades. 
With the exception of EL40, the varieties didn't differ markedly in petiole and 
fibrous root dry matter. L53 X L3Z was highest and Blanca and EL40 were low- 
est in tap root dry matter. 


On the average, 54% of the total dry matter of the plant was in the leaf blades 
at 40 days growth (Table 3). About 19% was found in the petioles and fibrous 
roots and only 7% in the tap root at this stage of development. GW-D2 and 

EL40 had the greatest percentage of dry matter in the blades and Blanca had 

the least. UI-8, Blanca, and L53 X L19 had high petiole percent dry matter. 

L353 X L37 had significantly the greatest, and Blanca had significantly the 
lowest percent of dry matter in the tap root. Blanca and EL40 proportioned a 
Significantly greater percent of dry matter to the fibrous roots than the other 
entries. Of interest was the fact that the high dry matter in Blanca fibrous 
roots was offset by low dry matter in the tap root, while the high dry matter 
of fibrous roots for EL40 was offset by low petiole,rather than low root dry 
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matter. 


Table 3. Percentage of total dry matter of blade, petiole, tap root, and fi- 
brous root for sugarbeet genotypes after 40 days growth in green- 





house. 

Blades Petiole Tap Root Fibrous 

D.M. a D.M. Root D.M. 
Variety % % % % 
GW-D2 on eer ToD. b 6.8 b 18.6 b 
UI-8 53.8 b " 2U.. ocd 6.8 b 19.0 b 
Blanca el aC Z2h..0.a8 Be 7 aC £20 
Dy She Jee O44 os aD) i874) 9.4 a 13..UeD 
Posh Loy .5o.0.D 20.4 a 6.6 b 19.2 b 
EL40 55.6 a 16cAsG 6.8 b 21-0ea 
Mean Baal 19.3 6.9 19.7 
LSD.05 Lo see 9 1.4 


V/ See Table 1 


The high-sugar hybrid, L53 X L19,had the greatest amount of total dry matter 
of the six entries; however, there was no difference in the way that this hy- 
brid and the high-yield cultivars GWD2 andUI-8 partitioned dry matter to the 
‘plant parts. 


Based on the above data we can conclude that varieties begin early to show 
differences in the total dry matter they produce and that they differ signifi- 
‘cantly in the percentage of dry matter they portion to the different component 
parts of the sugarbeet plant. There was no consistent difference noted for 
yield versus sugar type varieties. There was not a consistent relationship 
between the dry matter partitioned to the tap root versus the fibrous root. 
Thus the differences in partitioning can be ascribed to inherent differences 
of the individual genotypes. 
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C. SEASONAL GROWTH OF SUGARBEET GENOTYPES 
J. C. Theurer 


The seasonal growth response of Sugarbeet varieties has been studied by sev- 
eral scientists.. These studies have demonstrated that different cultivars 
have fairly similar growth patterns for root and top growth and sucrose accum- 
ulation (1). Most of the information on growth responses has resulted from 
the study of commercial cultivars. Only limited information is available con- 
cerning the growth rates and dry matter accumulation of highly diverse geno- 

- types. During recent years, we have studied seasonal growth response of some 
Sugarbeet hybrids and inbreds that differed for root weight and sucrose con- 
tent in an attempt to discern parameters that could be used to identify high- 
yield or high sugar type beets. 


In 1979 we studied the seasonal growth response, Sucrose content, and dry 
matter accumulation of six highly diverse inbred sugarbeet lines. The lines 
-were planted in eight replications of a random block design. There were eight 
subsets within each replicate for harvest on a 14-day basis during the growing 
season. Individual plots consisted of two rows, 20 feet long with beets 

10-12 inches apart in the row. The first harvest was made on June 17 and Sub- 
sequent harvests were made every two weeks thereafter. Ten competitive beets 
were dug from each plct in each replication. Separation was made of the leaf 
blades, petioles and roots. The petioles anda leaf blades were weighed immed- 
iately. The roots were washed, air dried, and weighed shortly thereafter. 
Leaf areas were determined using a Lamda Area Meter. The petioles were 
chopped up and leaves and petioles were dried in a forced air dryer. Sucrose 
content was determined by the standard cold-digestion method. Prior to sam- 
pling the root for sucrose, a slice was cut just below the lower leaf scars 

of the beets, which slice was used to determine the root diameter, the number 
of vascular rings, and the width of the three innermost rings of the root. 


RESULTS 


Data for the final harvest for root yield sucrose percentage, root diameter, 
and length, and dry matter partitioning to the blade, petiole and tap root are 
Shown in Table 1. There were highly significant differences between the geno- 
types for fresh and dry weights of roots. L10 had greater root weight than 
all other lines and yielded twice as much as L53 and L37. As expected from 
previous years research, L19 had the highest sucrose percentage. L37 and C17 
were significantly low in sucrose. The latter two lines also were lowest in 
the percentage of sucrose in the total dry matter. The high root yield of L10 
can be attributed to both larger diameter and longer roots than most other 
entries. The length of the root of L37 was almost equal to L10, but the dia- 
meter of this inbred was significantly less. The root measurements further 
substantiate our previous research at Logan, which shows that root diameter 

is highly correlated with root yield. L10 also produced the greatest quantity 
of dry matter, considering the whole plant. L19 and F6 were about equal and 
C17 only slightly lower in total plant dry matter. 


- B26 - 


Approximately 43% of the total dry matter on the average was partitioned to 
the top and 57% to the root. Of special significance was the manner in which 
the different lines partitioned dry matter. The dry matter of the tops of 
L19, our high-sugar inbred, exceeded the dry matter of the root. Contrari- 
wise, approximately 64% of the total dry matter of L10 was found in the root. 


Fig. la shows the fresh root weight and Fig. 1b the root dry matter of the 
six lines by harvest date. The seasonal growth for the most part follows the 
typical root growth curve for sugarbeets. The fresh weight and root dry 
matter curves were very similar. Inbred L10 shows a different response curve 
than the other entries. By the middle of August, this line exhibited a sig- 
nificantly faster root development. 


Sucrose content of the lines is shown in Fig. Ic. The L19 inbred had a su- 
crose accumulation pattern similar to that observed in previous years studies. 
At early harvest this line had less sucrose than other high-Sucrose lines, 
then increased at a more rapid rate than all other genotypes during the bal- 
ance of the growth period. 4137 and Cl7 were the low-sucrose content entries. 


There were widespread differences in the number of living leaves at each har- 
vest (Fig. 2a). The high-sugar inbred L19 had significantly the greatest 
number of leaves from harvest -2 to harvest -8. C17, a high-yielding inbred, 
was second in having a large number of leaves. Note in particular that the 
high-yield inbred L10 was one of the entries having the least number of living 
leaves at each harvest. 


The genotypes with the greatest numbers of dead leaves were essentially those 
having the most living leaves (Fig. 2b). 


L53 and L37 had significantly less leaf area than the four other inbreds in 
the test (Fig. 2c). The other four lines were similar in leaf area. The li- 
mitation of yield of L37 might be due to a.small number and small size of 
leaves. L10, the highest yielding. line, had a similar number of leaves to 
L37, but the leaves were of a large size. L19 had a luxuriance of leaves and 
consequently more photosynthate would be required for maintenance of the top 
rather than being transferred to the root for growth and sucrose accumulation. 


_ Root diameter and root length are shown in Fig. 3a and 3b. L53 had the 
smallest roots and L10 the largest roots by each dimension measurement. 


In general, the relationship of one line to another for root length was sim- 
ilar to that for root diameter, L37 inbred was an exception. This line has a 
long root but of relatively small root diameter (Fig. 3a and 3b). The high- 
est yielding lines at each harvest date had both large root diameter and long 
root length. 


The high-sugar line L19 had significantly more vascular rings than other geno- 
types at each harvest (Fig. 3c). The six entries segregated into two groups 
with respect to the width of the first three rings (from center core) 

(Fig. 3d) L10, C16, and F6, yield type lines, had significantly greater ring 
width than L37, L53, or L19 at each harvest. L37 is low in sucrose content 
and usually thought of as a yield type line. The narrow ring width of the 

L37 is an exception to the premise that narrow ring widths indicate greater 
Sucrose content. 
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The total dry matter accumulation increased in a linear manner during the 
growth period (Fig. 4d). Differences between genotypes became more pro- 
nounced as the season advanced. L10 led all other varieties. When the total 
dry matter was partitioned into components of leaf blade, petiole, and root 
parts, we observed significant differences for the six genotypes (Fig. 4a, 

4b, 4c). In general, the percentage of dry matter in the leaf blades de- 
creased in a. rapid curvilinear manner from harvest -1 to harvest -8 (Fig. 4a). 
Percentage of total dry matter in the petiole increased until the last har- 
vest in August, then decreased slightly until harvest -8 (Fig. 4b). The dry 
matter percentage going into the root increased almost linearly. LI10, L53, 
and L37 were similar: in the percentage of total dry matter found in the root 
component. C17, L19, and F6 also had similar percentages of dry matter in 

the root at each harvest. There were significant differences between the two 
above groups in the percentage of dry matter that was partitioned to the 

root portion of the plant (Fig. 4c and Table 1). There was no association be- 
tween sugar or yield type and the ability to accumulate a greater percentage 
of dry matter in the root as evidenced by the L19 (high sucrose) and C17 

(high yield) type entries. (Fig. 4c). 


DISCUSSION 


This years study of the seasonal growth response of six divergent genotypes 
Shows similar growth patterns to those observed in previous years. However, 
there are sufficient differences in Sucrose types, yield types, lines that 
have either large or small canopies, etc, to indicate that it would be easy . 
to draw some erroneous conclusions regarding sugarbeet growth, if one were to 
Select only certain genotypes. While most genotypes studied in this exper- 
iment had similar rates of sucrose accumulation, L19 differed markedly 
(Fig. Ic). The L10 inbred showed a significantly different rate of increase 
in root yield compared to the other entries (Fig. la). Low-sugar genotypes 
do not always have wide vascular rings, and high-sugar genotypes, narrow 
rings (See L37, Fig. 3d and Table 1). The narrow rings of L37 are probably 
associated with its manner of cell division and cell enlargement relative to 
the long root growth habit of this line. 


Root diameter still remains as one of the most reliable selection criteria for 
Selecting high yield beets. (Fig. 3a) Root length is more difficult to 
measure and has less association with root yield (Fig. 3b) than root dia- 
meter. 
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Table 1. Root yield, sucrose percentage, root diameter and length, and per- 
centage of dry matter partitioned to blade petiole and root at 
October 18, 1979 harvest. 





Total 
Root Yield Sucrose Root Dry Matter Partitioning Dry 

FLW. D.M. F.W. D.M. Diameter Length Blade Petiole Root Matter 
Line kg gin i % cm din va b ho gm 
L10 Pow W0er-1/.9— 620 8.3 ond. TSa/ L023 637892379 
L19 $295 41.09 «20.7 L7A hee ays eoaU eo oe hod = Be.29 
L37 Sacom 393 16.3 568 6.1 Cao 1923 18.3 62.0) 7.48 
LoS Senos, 1.6 8/3 = 6.) ioc 1833 1685 OS cameo 
C17 Woe? “loi. 16.3 7/2 Loo Zs a oee! 20.3 Ue. eU 
F6 Pee) loth 5 BPS 6.8 2.4 26.0 oo Cnn 2, 30 
Mean Peimeete lia) 8) 13 feu 2.4 20.8 21a eo 
pe seeeco. 00.9. 2.509 0.s 03 453 4.1] 7.4 0.54 
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Figure 1. (A) Root Fresh Weight, (B) Root Dry Matter, (C) Sucrose Percent, (D) Sucrose Percent of Dry 


Matter of six sugarbeet inbred lines. Logan, Utah, 1979. 0=L19, ® = L10, A= L37, 4 = C53; 
C) = C17, @ = F6. 
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Figure 2. (A) Number Living Leaves, (B) Number Dead Leaves, (C) Leaf Area of Six Sugarbeet Inbred 
Lines, Logan, Utah, 1979.0 = L19, @ = L10, A = L37, 4 = L53, (1) = C17, @ = F6. 
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Figure 3. (A) Root Diameter, (B) Root Length, (C) Number of vascular rings in root, (D) Width of First 
Three (from center core outward) vascular rings of six sugarbeet inbred lines, Logan, Utah, 
1979.0 = L19, ® = L10, A = L37,4 = 153, 0 =C17, @ = F6. 
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(A) Percent of Total Dry matter in leaf blades, (B) Percent of total dry matter in petioles, 
(C) percent of total dry matter in roots, (D) Total dry matter of six sugarbeet inbred lines, 
Logan, Utah, 1979.0 = L19, @ = L10, A = L37, 4 = L53, (J = C17, & = F6. 
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V. MALE STERILITY STUDIES 
A LOOK AT NEW CYTOPLASMIC MALE-STERILE LINES 
J. C. Theurer 


Japanese CMS Lines: 


Japanese scientists have published several papers indicating that they had dis- 
covered different sources of sterile cytoplasm in sugarbeets. These diverse 
sources resulted from gamma irradiation of sugarbeet seed. 


In 1977, a very small quantity of seed segregating for these male steriles was 
obtained from Dr. Kinoshita of Hokaido University. 


Seed was planted in greenhouse pots and male-sterile plants segregating from 

these populations were crossed with 0-type and pollen restorer type inbreds. 

fl progenies were evaluated in the greenhouse in 1979. The results are shown 
in Table 1. 


Japanese CMS lines crossed to known O-type testers (NB-1, L53) gave almost ex- 
clusively male-sterile plants suggesting that these plasms are probably not 

any different than the sterile plasm discovered in U.S. by F. V. Owen. Crosses 
with L19 give either O type or partial restorer fertile plant segregation as 
would be expected from crosses with different L19 plants. Restorer testers 
(L60, 572Rf) gave mostly fertile offspring. Results to date tend to disagree 
with Japanese conclusions that these lines have entirely different sterile 
plasm from the American source. 


Russian CMS Lines: 


In seed exchange of U.S. and Russian germplasm, one line was reported as cyto- 
plasmic male sterile. The O-type equivalent was also received at the same 
time. The results of F, crosses with 0 type and the annual 572 Rf restorer 
germplasm are shown in Table 2. The cross with L53 cms gave 100% male-sterile 
offspring suggesting that the sterile plasm is the same as in the U.S. source 
of male sterility. The cross with the annual restorer which is governed 


mainly by a single restorer gene showed a segregation of three fertile to one 
male sterile. 
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Table 1. Fertility of Fj crosses between Japanese CMS lines and Logan, O-type 
and pollen-restorer inbreds 1979. 


No. Plants 


Cross Fertile Male Sterile 
60 (Si-2) xL19 30 15 
= xL19 26 0 
a xNB-1 0 49 
i xL53 0 2/7 
114 (Si-4)  xL19 39 43 
: ~xNB-1 ae Z 
is xL53 0 25 
3 xL60 66 0 
130 (Si-3) xL19 33 17 
” xNB-1 0 32 
a xL53 0 3] 
ve xL60 72 7 
re x572Re 35 0 
165 (Si-3) xL19 12 1 
: xNB-1 0 60 
e xL60 Re ] 


Table 2. Fertility of a Russian CMS and O-type line in crosses with U.S. 
O-type and pollen-restorer lines. 


No. Plants 
Cross Fertile Male Sterile 


CMS x 752 Re 5] 165 
CMS x L53 0 aI 
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VED INSEGIe SI UDI ES 
SELECTION FOR RESISTANCE TO THE SUGAR BEET ROOT MAGGOT 


J. C. Theurer, C.C. Blickenstaff, D. L. Doney 


The cooperative research to evaluate and select for resistance to the sugar- 
beet root maggot was continued in 1979. Seed increases were made of 1978 
selected roots in isolation chambers and in the greenhouse at Logan during the 
winter of 1979. Field tests were carried out at Kimberly, Idaho, in three 
sections. 


Section I 


This group consisted of seed increases from the 1978 high-damage and low- 
damage selections out of the heterogenous population 35F3, the 35F3 parent 

and the inbred check L29. This was the first evaluation of high-low select- 
jon in the 35F3 population. The four entries were planted in 4-row plots 

(40 plants/row) with 13 replications. Damage ratings.were made as in previous 
years on a1 to 5 scale (1 least damage - 5 dead plants). They were also 
Scored on the basis of percent good plants. The results are given in Table 1. 
Differences among the entries were highly significant for damage ratings and 
the percent of good plants that did not show maggot symptoms. There was a 
nonsignificant correlation of r = 0.618, n = 4 between the two ratings based © 
on entry means. Twenty-four low-damage plants were selected for seed increase 
and repeated selection in 1980. 


Section II 


This group consisted of five entries: two low-damage selections, one high- 
damage selection, the parent population 25A2 and L19 check. The low-damage 
Selections were the fourth selection cycle from 25D47-48. This population has 
50% of the genetic background of 25A2, and was included in selection studies 
after the first selection cycle, when seed increase from the selected 25A2 
plants was poor. It was included in this test in place of 25A2 cycle 4 se- 
lections because of insufficient seed of the latter. The entries were planted 
in 4-row (40 plant) plots with 11 to 15 replications in a completely random- 
ized experiment. Ratings were made using the usual 1 to 5 rating scale and 
also by estimating the percentage of plants that did not show maggot symptoms. 


Differences between the entries for damage ratings and also for percentage of 
good plants were significantly different. (Table 2). Twenty roots were 
saved from the low-damage 40H7 line and 24 roots were saved from the 4063+a 
low-damage line, for further selection. 


Table 3 shows the progress for maggot resistance for four cycles of selection 
in population 25A2. The 1979 low-damage figures were estimated from Section 
III 40H8-4 and 40H8-5, selfed lines from 25A2 C3 selections. Selection for 
low-damage for the fourth cycle has resulted in 20% less maggot damage than 


Pen orcas heterogenous population from which the selections were initiated 
in DG 
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Table 1. Sugarbeet root maggot damage ratings and percentage good plants from 
the 35F3 population, Kimberly, Idaho, 1979. 


Damage Rating % Of 
Seed No. Description Mean” +~*% Good Plants Parent 
40H4 35F3 Low Damage 2.8 al/ 60.9 a 82 
929 L29 Check aarp JAeaEG * 
35F3 Parent 354 »b 51.8 ab 
; 40H6 35F3 High Damage 39 3C 44.7 bc 115 


Wpuncan's multiple range 5% - means with same letter are not significantly 
different. 


Table 2. Sugarbeet root maggot ratings and percentage good plants from the 
25A2 population. Kimberly, Idaho, 1979. 


Damage Rating % Of 
Seed No. Description Mean % Good Plants Parent 
40H7 25A2 Low Damage 2.8 a 50.6 a 85 
40G3 + a 25A2 Low Damage 5 AST D 50.5 a 97 
25A2 Parent 2.4 b 40.1 b 
719 L19 Check AEC 47.7 ab 
40H2 25A2 High Damage Jo AC Bh <c 115 


Table 3. Maggot damage rating in % of percent population 25A2 for four cycles 
of selection. 


Selection 1976 1977 1978 19792 
High Damage 116° 103 eA 114 
Low Damage 96 86 89 80 
Differences High ae. a Bea Se 

vs. Low 20 Ws Yi 34 


* See Narrative 


= 53] *- 


Section III 


The third section of this cooperative research included selfed and sibbed 
individual beet selection progenies made in 1977 and 1978. Twenty-one entries 
from individual beet selections plus L29 and L89 checks were planted in a 
completely randomized experiment. Entries were single-row plots with 2-34 
replications per entry, dependent upon the quantity of seed available for 
planting. The selections were all low-damage maggot selections. The data 

are summarized in Table 4. Differences between entries were highly signifi- 
cant, and ranged from scores of 2.7 to 3.6. Recurrent selection will be 

used to attempt further low-damage selection in the better lines. 


Table 4. Sugarbeet root maggot damage ratings of individual plant selections 
for low damage in 1977 and 1978, Kimberly, Idaho, 1979. 


Selection No. % Good Orig. Selection 


Logan Designation Mean Parents Parents Cycle 
40H8-4 2./ a 91.0 ab of C4 
40G14+a Caiad U0 = 18 C3 
A0H8-5 2.8 ab 90.4 ab 49 C4 
4064 2.9 ab Teer CURT 28 C3 
40H10-3 3.0 abc 60 = efghi 55 C2 
40H9-3 Std yal ate 68.3 cdefgh 90 C3 
40H9-5 Dat adc 80 bcd 100 Ga 
40H10-1 6. apc 63.2 defghi 98 Gd 
40H10-4 Sac 80.3 bcd 86 C2 
40G13ta Sol edbe e27iebc 65 Ca 
40H11-2 B72 eahe 61.7 defghi 54 C2 
40G2 S.27 dpc 63.5 defghi 19 C2 
40G12+a obomape 75.2 bcde 93 C2 
40H10-2 Sear aDC 49.7 hi 105 C2 
40H11-3 3.4 abc 61.5 defghi 107 C2 
40H9-4 BE ape 52:1 ghi 69 G3 
40H11-4 370 bc 52.220 110 C2 
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VII. SUGARBEET DISEASE STUDIES 
REACTION OF SUGARBEET LINES TO POWDERY MILDEW 
D. L. Mumford and J. C. Theurer 


Since its initial widespread occurrence in 1974, powdery mildew has consis- 
tently ranked as one of the most serious diseases of Sugarbeet in the western 
United States. Although chemical control measures have been very effective in 
‘reducing losses, the development of resistant cultivars seems an economically 
and environmentally desirable long-range objective. With this objective in 
mind we have been evaluating a wide variety of sugarbeet lines for reaction to 
powdery mildew. Initial evaluations were carried out by inoculating medium- 
aged plants in the greenhouse. For the past four years sugarbeet lines have 
been evaluated in the field with natural infection. Also during the past four 
years attempts have been made to determine whether seedlings could be evalu- 
ated as a means of identifying resistance. 


Methods of inoculating and obtaining good disease development on young seed- 
lings have been developed. Contrary to the widely held assumption that only 
mature plants become infected, we can obtain good disease development on coty- 
’ ledons and first true leaves of seedlings. Considerable effort has been di- 
rected toward correlating the reaction to powdery mildew of cotyledons arti- 
ficially inoculated and the reaction of mature plants in the field. To date 
the correlation has not been high enough to utilize a seedling method of 
identifying resistance. 


Field evaluations nave shown that there is a wide range of reaction among 
Sugarbeets to powdery mildew (Table 1). The sugarbeet lines have been listed 
in Table 1 from most resistant to most susceptible. The ratings for different 
years for those lines that were evaluated on two or more years are very con- 
sistent. ann ai: 


A general observation can be made about the reaction of lines listed in 

Table 1 and some additional lines that were evaluated for only one year. The 
majority of lines that have been rated resistant to powdery mildew (a rating 
of two or less) are susceptible to beet curly top virus, while the majority of 
lines rated susceptible to powdery mildew are resistant to beet curly top 
virus. Logan line L56 is of interest because it has considerable resistance 
to both diseases. 


Research in progress will continue to search for a more rapid means of evalu- 
ating younger plants and attempt to obtain information on how powdery mildew 
resistance is inherited. 


m 029 1 


Table 1. Field evaluations of sugarbeet lines for resistance to powdery © 
mildew 


Disease Severity Rating?’ 


Description 1976 1977 1978 1979 


ELST 120 
FC504 

EL40 

8513 1.0 
$72-314: 

872-316 

L53 ; Teo 25 
53100-04 

$72-315 220 2.4 
L56 

$72-302 

1345 

L8 

Bis Seo 
HH28 

NB-1 
U+I8 
D-2 

HH7 

HH22 
AH12 
L10 

8193 
Ad Sau 
L54 4.8 
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. a/ Rating based on scale of 1-5 with] =very slight mycelium development and no 


evidence of sporulation and 5 = heavy mycelium development and abundant 
Sporulation. 


Ratings are average of four replications in 1976, 1977, 1979, and eight re- 
plications in 1978. 
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VIII. PHYSIOLOGY-BIOCHEMISTRY STUDIES 


CONTROL OF PHOTOSYNTHATE PARTITIONING 
WITHIN THE SUGARBEET ROOT 


Roger Wyse 
Introduction 


Understanding how a plant controls the allocation of available fixed carbon 
(sucrose in the leaf) to economically important sink regions (root, tuber, 
leaves, etc.) will facilitate eventual genetic and chemical control. Such 
control will allow more efficient genetic selection of superior genotypes 
and identification of growth-regulating chemicals. 


This past year we have shown that the capacity of the sugarbeet root to 
assimilate translocated sucrose is regulated by potassium ions and the hormones 
‘ abscisic acid (ABA) and indoleacetic acid (IAA). 


\ 


Results and Discussion 


Characteristics of sucrose uptake: We have used sucrose uptake from dilute 


C sucrose solutions and subsequent compartmental analysis (Maclon and Higin- 
botham, 1970) to study sucrose uptake into root sink tissue. The results have 
identified three distinct compartments within the tissue which are assumed to 
be the cell wall-free space, cytoplasm and vacuole (Maclon and Higinbothan, 
1970; Kholodova, 1967). The results show no significant differences between 
the concentrations of sucrose in the free space and cytoplasm, but an obvious 
concentraton increase across the tonoplast (Table 1). 


Table 1. Compartmentation of Sucrose in Sugarbeet Root Cells. 
Volumes of vacuole and cytoplasm were estimated by measurements 
made on electron micrographs. Free space volume was estimated 
by the method of Parr and Edelman (1976). Sucrose in each 
compartment was estimated by efflux pattern and compartmental 
analysis (Maclon and Higinbotham, 1970). 





Compartment Sucrose Sucrose 
Compartment Volume Content Concentration 
i meg/em fw mM 
Free Space 10 2.0 60 
Cytoplasm i 1.6 76 
Vacuole 70 120 514 





Temperature effects (Table 2) and the metabolic uncoupler CCCP (Table 3) were 
used in conjunction with compartmental analysis to determine the degree of 
active (energy requiring) and passive uptake occurring at the plasmalemma 

and tonoplast (10-9 M CCCP inhibited respiration 98%). Results show only pas- 
sive movement of sucrose across the plasmalemma but both active and 

passive movement of glucose at the same site. Transport of sucrose at the 
tonoplast showed both an active (85%) and passive exchange component (15%). 
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Table 2. Effect of Temperature on-the Uptake and 
Compartmentalization of Sucrose. Sucrose uptake 
by sugarbeet root tissue disks was determined in 
40 mM sucrose in 1 mM MOPS (pH 7.0) + CCCP at 5, 
15 and 30 degrees C. Uptake into each compartment 
was determined by compartmental analysis. 


Temperature Response, Qjg 


Temperature 

Range Free Space Cytoplasm Vacuole 
5-15°C 1.0 1.0 Jo 
15-30°C i hee TU 2.4 


Active sucrose uptake in subsequent studies using tissue disks was defined 
as uptake in the absence of CCCP minus uptake in the presence of CCCP and 
was assumed to occur only at the tonoplast. 


Table 3. Effect of CCCP on Sucrose and Glucose Uptake and 
Compartmentalization. Disks (1 x 6 mm) were incubated in 
1 mM MOPS (pH 7.0), 40 mM !4c-sugar + 10-5 CCCP for 6 hrs. 
Radioactivity in each compartment was determined by 
compartmental analysis. 


Treatment Free Space Cytoplasm Vacuole 
umol+h7!.g-1 
Sucrose 
Control 44 a LS .30 
“CCG? é 44 -56 a 
% Active -- -- 83 
Glucose 
Control 47 -49 210 
+. CCCP 48 shy -06 
% Active -- 65 40 





The rapid passive exchange of sucrose at the plasmalemma has several 
implications in determining the pathway of sucrose movement at the site of 
phloem unloading (Wyse and Saftner, 1979). The question of apoplatic vs. 
symplastic movement is of little consequence because the rapid exchange 

(tr, of approximately 20 min) facilitates an equilibrium between the two 
compartments. Thus any gradient of sucrose away from the site of phloem 
unloading would exist both in the free space and in the cytoplasm. These 
results also suggest that the concentration of sucrose in both the free space 
and cytoplasm may be "sensed" by the phloem and would thus contribute to the 


gradient between source and sink, (This gradient controls sucrose flux to 
sink areas.) 


Sucrose uptake into sugarbeet root tissue was found to be linear over the 
range of 0.5 to 500 mM (Wyse, 1979) while both glucose and fructose showed 
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Saturation kinetics. However, these early experiments did not differentiate 
between active and passive uptake and did not account for net efflux occurring 
at low external concentrations. We have since determined both active and 
passive sucrose uptake at various external concentrations (Figure 1). When 
tissue slices are placed in 1 mM MOPS (pH 7.5, 15 disks/ml-1 x 6 mm disks), 
sucrose is released from the tissue until the external sucrose concentration 


approaches 25 to 30 mM. (‘The final concentration is related to sucrose 
content of the tissue). 


12 
10 PASSIVE 
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Figure 1. Active and passive sucrose uptake at various extracellular sucrose 
concentrations. Tissue disks were placed in K-MOPS buffer (1 mM, pH 7.5) with 
a ratio of,]5 disks/ml and allowed to release sucrose until equilibrium was 
reached. C-sucrose was then added to the equilibrium solution to increase 
the concentration by the desired amount. Active and passive uptake were as 
described previously. The two symbols represented data from two separate 
experiments. 


Additions of sucrose above this equilibrium level result in a rapid increase 
in net uptake of sucrose. However, at 10-15 mM above the equilibrium concen-- 
tration, active sucrose uptake becomes linear to concentrations causing tissue 
plasmolysis. These data suggest an uptake mechanism which is very responsive 
to small changes in free space sucrose concentrations, but which does not 
saturate even at high (unphysiological) external sucrose concentrations. 

Thus the sucrose carrier mechanism is totally responsive to sucrose concentra- 
tions normally found in the apoplast (30-150 mM). Passive sucrose uptake 

was linear over the entire range tested. Facilitated diffusion of sucrose 


at the plasmalemma could not be substantiated (no evidence for passive 
Saturation kinetics). 


Our model (Figure 2) for sucrese uptake and storage in the vacuole of sink 
tissues (Saftner and Wyse, 1979) would suggest that the sucrose uptake mechanism 


Bae De a = SUCROSE 
wall r 


Ht 


Vacuole 


SUCROSE \ SUCROSE 


Cytoplasm 





Figure 2. Proposed model for sucrose uptake in the Sugarbeet root sink 
parenchyma cells, Saftner and Wyse (1980). Passive sucrose exchange occurs 

a the plasmalemma. Sucrose transport across the tonoplast is coupled to a 

H /K exchange reaction. The H and K gradients are generated by a vectorial 
ATPase on the tonoplast. 


is sensitive to small changes in apoplastic sucrose concentrations and is 
infinitely responsive to photosynthate supply (sucrose uptake does not 
saturate at high external sucrose concentration). However, uptake could be 
limited if the potassium/proton gradients were degraded, i.e., after prolonged 
transport or during periods of high.photosynthate supply. Under these 
conditions, ATPase activity may not be adequate to maintain the proton/ 
potassium gradients at optimum levels. To test this possibility, sucrose 
uptake capacity of root sink tissue was determined in sugarbeet plants 
treated to alter their photosynthate supplies. Field-grown plants were 
either shaded (85% reduction in photon flux density) for various lengths of 
time prior to sampling in order to reduce photosynthate supply or exposed to 
enhanced C07 levels (1000 ul-17!) to increase photosynthate supply. Results 
show that indeed the sink strength is inversely correlated to the supply 

of photosynthate (Table 4). 


Table 4. Sucrose uptake by sugarbeet root tissue slices taken from 
plants exposed to various lengths of light or 1000 ppm CO, prior to 
1600 hr. sampling. 





Expt. 1 Expt. 2 
umol:h7l.g-1 
Normal Day Length (10 hrs.) es oo 230 34 
Normal plus 1000 ppm C09 ee rv , ea rahe 
6 hour light ~44 ae 
3 hour light | 49 Toa 
Tanout eo Lic Gee ro ooo 
O hour light 36 coe .67 oe 
Sa ee Pe tt teat aes Saee e ey pee e 
LSD: ¢.05) -04 .04 .06 ,03 


Therefore, during periods of maximum photosynthesis or prolonged photoperiods, 
the root's ability to accept assimilates declines. These results may explain 
the need for alternate sinks (pod, stem, and petiole) to increase the total 
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sink capacity (Thorne, 1979; Upmeyer and Koller, 1973) as well as the decline 
in photosynthesis and increase in starch accumulation in source leaves during 
extended photoperiods (Chatterton and Silvius, 1979) or in late afternoon 
(Upmeyer and Koller, 1973). 


Since IAA and ABA have been shown to affect ion transport across membranes 
(Van Steveninck, 1976), their effect on sucrose upbaks was studied (Saftner 
and Wyse, 1979). Concentrations of IAA above 1077 M inhibited sucrose uptake 
in high potassium (Figure 3). In low Kt, high concentrations were required 
to inhibit uptake. ABA stimulated sucrose uptake in low potassium but 
inhibited sucrose uptake at high external potassium concentrations. We find 
a consistent 50-60% stimulation of sucrose uptake by ABA in mature sink 
tissue. However, the response is less consistent in rapidly growing tissue. 

| | 
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Figure 3 Effect of IAA and ABA on active,sucrose uptake in either 5 or 
100 mM K. (Ww) - 100 mK , (@) - 5 mK. The uptake procedure was as 
described in Table 7. ; ; [ 


This stimulation of sucrose uptake by ABA in sink tissues is very exciting in 
light of some recent work reported in the literature. As discussed previously 
ABA has been shown to accumulate in. sink tissue during periods of rapid growth. 
It is not known whether the accumulation is a result of ABA synthesis in the 
sink or translocation from the leaf (Dewdney and McWha, 1978a). Nevertheless, 
ABA stimulated transport to developing wheat kernels (Dewdney and McWha, 
1979b). More recently, ABA has also been shown to stimulate sugar accumulation 
in roots by increasing translocation from shoot to root of beans (Karmoker and 
Van Steveninck, 1979b). Karmoker and Van Steveninck (1978) had previously 
shown that ABA may affect potassium uptake in the bean roots, thus suggesting 
that there was a relationship between potassium uptake and sugar translocation. 
Potassium also affects sucrose levels in the leaf apoplast, presumably by 
facilitating sucrose export from mesophyll cells (Doman and Geiger, 1979). 
However, potassium inhibits phloem loading (Servaites and Schrader, 1978; 

Doman and Geiger, 1979). These observations suggest a key role for ABA and 
potassium in regulating sucrose levels both in source and sink. 


On a whole plant scale, this regulatory effect of potassium on sucrose uptake 
by sink tissue may explain earlier results that indicated a potassium-enhanced 
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transport of assimilates to sinks (Haeder, 1973; Mengel and.Viro, 1974). 

These potassium effects may be on phloem loading (Mengel and Haeder, 1977) 
enhanced by higher apoplastic sucrose concentrations (Doman and Geiger, 1979), 
and/or stimulated sucrose uptake by sink regions. 


From our recent results, it is concluded that the sink is a key component 

in the integrated and dynamic system controlling photosynthate supply and 
partitioning. Sucrose uptake, metabolism and storage are important factors 
regulating the mobilizing ability of sink regions. In sugarbeet, this 
mobilizing ability or sink strength may be related to the ability of the sink 
to maintain low apoplastic sucrose levels--a condition which promotes sucrose 
translocation from source to sink. Since Ko, IAA and ABA control the. sucrose 
uptake capacity of sink tissue, their role in photosynthate partitioning and 
source-sink communication merits further study. . 
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Effect of Nitrogen Source and a Nitrogen Stabilizer on 
Rhizoctonia Root Rot of Sugarbeet. R. Hecker and E. G. Ruppel 


Effect of Plant Population Density on Severity of Rhizoc- 
tonia Root Rot.” E.) Cc Ruppel sand *R. ei.) HeCKkerasyeses see 


Organic Amendments for Control of Rhizoctonia Damping-off 
in Sugarbeet. E.. G. RuppélvandsR. Je. Hecker. sees eee 


EPIDEMIOLOGICAL AND BIOLOGICAL INVESTIGATIONS ON 
FUSARIUM YELLOWS OF SUGARBEET (BSDF Project 54) 


Inoculation of Sugarbeet with Fusarium in the greenhouse. 
re G. Ruppel ° e e e e . e e e e . ° e e e . e e oO . e ° e e ° 

Further In Vitro Comparisons of Several Fusarium 
isclates.2 E.G. *Rappel o> oa 2 6 cle es eee eee 
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SUGARBEET QUALITY IMPROVEMENT RESEARCH (BSDF Project 53) 


Clarification of Samples for Polarimetric Sucrose Determination: 


A Detailed Comparison of Aluminum Chloride vs. Lead 
See eee oe Mare i nsand. Rit). HeCKker y's f < ct eee es 


Effect of Mass Selection for Amino Nitrogen Content. 
Re eetiter), BS eo eMart in and 7G jtAw Smith encase dine eres! 


Effect of Selection for Post-Storage Quality. 
Ree CKeY Jeo o's Martin siand.G cA. cSmith fim. x be tes ere elie 


CERCOSPORA/CURLY TOP RESISTANCE BREEDING AND RELATED 
RESEARCH (BSDF Project 25) 


Breeding for Resistance to Cerecospora and Curly Top Virus, 
ene LY Aaromith andy Ge oe RUDPEL Se ore ets. a fers We Sat 


Leaf Spot Evaluations of Sugarbeet Lines Submitted by 
BSDF-Member Companies. E. G. Ruppel and G. A. Smith .... 


The Development and Release of FC 607 and FC 607 CMS. 
G. A. Smith ° e e e e e e e es e e e e ° e e e e e se e e e e 


Planting Date X Cercospora Interaction Study. 
RIT CEN G Ree ee RUDDEL cst cee) sie) «ba sc (eens eles 


The Effect of Sterile and Normal Cytoplasm on Resistance 
Seercogpura., 1G. sAsromitiy andar. Ga rRuppel ins ccfa.. ipeye é 


Beet Seed Production in the Greenhouse Under Sodium-Vapor 
and Incandescent Light. R. J. Hecker and G. A. Smith... . 
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ABSTRACTS OF PAPERS PUBLISHED OR APPROVED FOR PUBLICATION AND 
GERMPLASM RELEASES AND REGISTRATIONS, 1979 


HECKER, R. J. and E. G. RUPPEL. Release of sugarbeet germplasm resistant to 
Rhizoctonia root rot. Joint release of USDA-SEA, Beet Sugar Development 


Foundation, and Colorado State University Experiment Station. 


FC 708 is the monogerm type O maintainer of FC 708 CMS. FC 708 is self- 
fertile, has low vigor, and is partially inbred. 





FC 708 CMS is the cytoplasmic male sterile BC») equivalent of FC 708. 
The nonrecurrent parent was a vigorous CMS line which was moderately resistant 
to Cercospora leaf spot and the curly top virus. 


FC 708 and FC 708 CMS are moderately bolting resistant, have low vigor 
and high crowns, but are phenotypically heterogeneous. This is the first 
release of monogerm CMS and type O germplasm highly resistant to root rot 
induced by Rhtzoctonita solamt. These germplasms have no potential for direct 
use by growers; they are intended for use by breeders as monogerm type O and 
CMS source parents for Rhizoctonia resistance. 


MARTIN, S. S. Sugarbeet. Chapter 14 in Teare, I. D. (Ed.), Crop-Water Rela- 
tions. Wiley-Interscience, N. Y. Probable date of publication, 1981. 


This chapter reviews the water requirements of sugarbeets at various 
stages of growth, and describes the effects of water deficit on growth and 
productivity. 


RUPPEL, E. G. Controlling preharvest fungal diseases of sugar beet. IX 
Intern. Cong. Plant Prot. and /7lst Ann. Meeting Amer. Phytopathol. Soc. 


Abstracts of Papers, No. 754. 1979. [Symposium papers to be published at 
some future date. ] 


Pre- and postemergence damping off, cercospora leaf spot, and powdery 
mildew are the most widespread economically important fungus diseases affect- 
ing sugar beet which require active integrated programs of control. Root 
rots, rust, wilts, and downy mildew are of local importance in certain 
countries. Control of the more serious diseases has been achieved by the in- 
corporation of genetic resistance, coupled with protection and chemotherapy 
with appropriate fungicides. Black leg incited by Aphanomyces generally is 
controlled by use of resistant cultivars, and by seed and soil treatment with 
fungicides. The use of pathogen-free seed and fungicide seed treatment some- 
what controls phoma black root. Control of powdery mildew is accomplished 
with inexpensive sulfur compounds, although resistance to Erystphe has been 
reported. With cercospora leaf spot, the most widespread disease of sugar- 
beet, a negative correlation between resistance and sugar yield has forced 
breeders in the past to settle for intermediate degrees of resistance. Thus, 
in areas where the disease often is epiphytotic, adequate control is 
attained only by use of supplemental fungicides. In Europe, where reliance 
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on fungicides has been the major control measure for leaf spot, development 
of benomyl-tolerant pathogen strains has regenerated interest in breeding for 
genetic resistance. 


RUPPEL, E. G., A. D. JENKINS, and L. M. BURTCH. Persistence of benomyl- 
tolerant strains of Cercospora bettcola. Phytopathology 70:25-26. 1980. 


In 1976 and 1977, 98 to 100% of Cercospora beticola isolates obtained 
from diseased sugarbeets near Willcox, AZ, growing in benomyl, triphenyltin, 
treated and nonsprayed fields grew in PDA containing 5 ug a.i. benomyl/ml. 
Benomyl-sensitive isolates from Colorado were inhibited completely by 0.1 ug 
benomyl/ml. In 1978, 100% of the isolates from a triphenyltin-sprayed field 
also were tolerant to 100 ug benomyl/ml. The level of tolerance declined con- 
siderably between 1976 and 1977. In 1976, all isolates from benomyl-sprayed 
and nonsprayed fields grew in PDA containing 1,000 ug benomyl/ml, whereas 
only 71% of the isolates from the triphenyltin-sprayed field grew at this 
concentration. In 1977, only 1, 1, and 0% of the isolates from benomyl- 
sprayed, nonsprayed, and triphenyltin-sprayed fields, respectively, grew in 
PDA with 1,000 ug benomyl/ml. All of the isolates from 1978 grew at 10 ug/ml, 
but none grew in PDA with 100 or 1,000 ug/ml. Most Arizona isolates of C. 
bettcola, whether from sprayed or nonsprayed fields, were 100-1,000 times 
more tolerant to benomyl in vitro than sensitive control isolates from Colo- 
rado over the 3-yr study. Thus, benomyl-tolerant strains of C. bettcola 
showed a high degree of persistence in the absence of benomyl, even in fields 
where triphenyltin was used for leaf spot control. 


RUPPEL, E. G., C. L. SCHNEIDER, R. J. HECKER, and G. J. HOGABOAM. Creating 
epiphytotics of rhizoctonia root rot and evaluating for resistance to Rhi- 
zoctonia solant in sugarbeet field plots. Plant Dis. Reptr. 63:518-522. 
TD 


Uniform epiphytotics of sugarbeet root rot induced by Rhizoctonta 
solani were initiated at Fort Collins, Colorado and East Lansing, Michigan, 
with mechanical applications of dry ground barley-grain inoculum in the cen- 
ter of the row with a modified granule applicator. Equipment, inoculum 
preparation, field rates, and disease evaluations, while basically similar, 
differ in details at the two locations. These methods were effective and 
reliable for use in evaluations of sugarbeet cultivars for resistance to the 
fungus. 


SMITH, G. A. and E. G. RUPPEL. Release of sugarbeet germplasm. Official 
joint release of the USDA-SEA, Beet Sugar Development Foundation, and 
Colorado State University Experiment Station, June 21, 1979. 


FC 607 and FC 607 CMS combine high resistance to Cercospora bettcola 
the incitant of leaf spot, with moderate resistance to the beet curly top 
virus. The lines are monogerm, diploid (2X = 18), and flower after short 
photothermal induction. FC 607 is the pollen-fertile maintainer line of 
FC 504 X 502/2 X FC 605 in which FC 605 represents one-half the genetic con- 
tribution. It is a type 0 line with high Cercospora and moderate curly top 
virus resistance. The line is a good seed producer, moderably vigorous, 
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hence, the CMS has potential for use as a parent in single cross hybrids. In 
limited testing, the line has shown good combining ability for sucrose content. 
FC 607 CMS is the cytoplasmic male sterile equivalent of FC 607. These lines 
are suggested for use as parental components of hybrids where genes for combined 
resistance to Cercospora and curly top virus are needed. 


SMITH, G. A. and E. G. RUPPEL. Registration of FC 606 and FC 606 CMS sugar- 
beet germplasm. (Reg. Nos. GP 52 and GP 53) Crop Sci. 19:300. 


ae aerosol ec 

Sugarbeet (Beta vulgaris L.) breeding lines FC 606 and its cytoplasmic 
male-sterile equivalent, FC 606 CMS, were developed by AR, SEA, USDA, in 
cooperation with the Beet Sugar Development Foundation and the Colorado State 
University Experiment Station. These lines have resistance to cercospora 
leaf spot (incited by Cercospora bettcola Sacc.) and the curly top virus. 
The lines are diploid (2X = 18) and flower after short photothermal induction. 
FC 606 (GP No. 52) is the monogerm, pollen-fertile maintainer line (type 0) 
of FC 606 CMS. This line was developed from the three-way cross, (652016s1 
X 662119s1) X FC 605 (FC 605 Registration No. GP 50). The line is moderately 
vigorous; hence, the CMS has potential for use as a parent of single-cross. 
hybrids. FC 606 has high resistance to leaf spot (slightly less than US 201) 
and moderately high resistance to curly top (superior to that in US 41). 


FC 606 CMS (GP No. 53) is the cytoplasmic male-sterile monogerm equivalent 
of FC 606 which was the result of the cross of (652016sl1 CMS X 662119sl1 T.0.) 
X FC 605 T.O. FC 606 CMS, as the female parent in experiment hybrids, has 
shown good combining ability for sucrose content as well as disease resistance. ~ 


These lines are intended for use as parents of hybrids to be developed 
for situations in which genes for combined resistance to leaf spot and curly 
top are needed. 


Breeder seed is maintained by AR, SEA, USDA, and is provided upon written 
request to sugarbeet breeders in quantities sufficient for reproduction. 
Requests for seed should be made to Dr. G. A. Smith, AR-SEA-USDA, Crops Re- 
search Laboratory, Colorado State University, Fort Collins, CO 80523. 


STEINKAMP, M. P., S. S. MARTIN, L. L. HOEFFERT, and E.G. RUPPEL se Ui 


toxin from Cercospora beticola. Approved by SEA for submittal to Physiol. 
Plant Pathol. 


The fungus Cercospora bettcola Sacc. forms in culture at least two meta- 
bolites that can,produce necrotic lesions when applied exogenously to leaves 
of sugarbeet, Beta vulgaris L. Lesions produced 5 days after application 
of cercosporin (CN), one of the toxic metabolites, were examined by electron 
microscopy and compared to lesions incited by the fungus. Both similarities 
and differences were found in this comparison. Similarities included 
the presence of large amounts of granular, electron-dense material, es- 
pecially in the margin of the lesions; presence of cells having electron- 
dense cytoplasmic ground substance and cell wall appositions; and loss of 
cell membranes, especially the chloroplast-bounding membrane and tonoplast. 
Both lesion types contained necrotic cells that had collapsed during the 
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degenerative sequence. Necrotic cytoplasm within these cells contained 
starch grains, remnants of the chloroplast lamellar membranes, and sometimes 
areas that once had heid crystalline material. In contrast to fungus-induced 
lesions, however, CN-induced lesions lacked electron-dense bodies in vacuoles 
and necrotic remnants, lacked a well-defined boundary zone with generalized 
wall thickenings, and usually had no increases in the size or number of 
plastoglobuli. 


Published Papers Abstracted in Sugarbeet Research, 1978 Report 


HECKER, R. J. and E. G. RUPPEL. Registration of FC 702/4, FC 702/4 (4X), 


FC 705, FC 706, and FC 70/7 sugarbeet germplasm. (Reg. Nos. GP 55 - GP 59) 
meeeoci. 19:935. 1979. 





HECKER, R. J. and G. A. SMITH. Registration of FC 704 sugarbeet germplasm. 
een aCe 4) CLOD. SC: 1.92934, 1979. 


SMITH, G. A. and J. O. GASKILL. Registration of six sugarbeet germplasm 
lines (Reg. No. GP 42 - GP 47). Crop Sci. 19:131. 1979. 


SMITH, G. A. and J. O. GASKILL. Registration of FC 902 sugarbeet germplasm 
feeee No, GP »41).: .Crop.Sci.)19:131.).1979. 


SMITH, G. A.; R. J. HECKER and S. S. MARTIN. Effects of ploidy level on the 


components of sucrose yield and quality in sugarbeet. Crop Sci. 19:319-323. 
1979, 





SMITH, G. A. and E. G. RUPPEL. Registration of four sugarbeet germplasm 
lines (Reg. No. GP 48- GP 51). Crop Sci. 19:131-132. 1979. 


STEINKAMP, M. P., S. S. MARTIN, L. L. HOEFERT, and E. G. RUPPEL. Ultra- 


structure of lesions produced by Cercospora beticola_in leaves of Beta 
vulgaris. PHYS1O1, b2ant Pathol, =15:13-26. 1979. 
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RHIZOCTONIA ROOT ROT RESEARCH AND RESISTANCE BREEDING 
(BSDF Project 20) 


1979 Rhizoctonia Field Research.--R. J. Hecker and E. G. Ruppel. 


During 1979, our field research on Rhtzoctonta solant in sugarbeet was 
conducted on our BSDF-leased farm where we also conduct the cercospora leaf 
spot field research. 1979 was the second crop year of the current 3-year 
lease on the farm. 


The rhizoctonia root rot research is carried out in an area of the farm 
set aside specifically for that purpose; a 4-year rotation (beets, barley, 
barley, fallow) is utilized. The 1979 nursery area was the same as that used 
for the rhizoctonia nursery in 1975. There was no noticeable infection by 
Rhizoctonta in the 1979 nursery prior to inoculation. 


Three cultural experiments on Rhitzoctonta involving nitrogen sources, 
pesticides, and cultivation were planted on the 1978 nursery area and are 
described in separate sections of this report. 


The principal rhizoctonia test area in 1979 was inoculated July 16 with 
a tractor-mounted, 4-row, granule applicator. The dry, ground barley-grain 
inoculum of Rhtzoctonta solant (R-9) was broadcast in a band over each row at 
the rate of 1.3 grams per meter of row in a split application (cpposite direc- 
tions of travel for each application). One-row plots, 6.1 m long and 56 cm 
apart were planted May 14. Thinning was done June 7-15. The roots were 
lifted and individually rated for severity of rot September 17-20. Disease 
index (DI) ratings were based on a scale of 0 to 7 (0 = no evidence of infec- 
tion, 7 = plant dead and extensively decomposed). The percentage of healthy 
roots are those with DI ratings of 0 and 1. The percentage of harvestable 
roots are those with DI ratings of 1 through 3; it is assumed that all of 
these plants would be included in the marketed roots. The epiphytotic in our 
1979 nursery was about ideal, with highly susceptible populations being almost 
entirely killed. 


The succeeding reports in this section describe our rhizoctonia root rot 
research in 1979, supported by BSDF Project 20. 


Evaluation of Contributed Lines.--E. G. Ruppel and R. J. Hecker. 


Separate randomized complete block designs with five replications were 
used to evaluate a total of 55 contributed lines from American Crystal, Great 
Western, and Holly Sugar Companies, and from Betaseed, Inc. for post-inocula- 
tion resistance to Rhizoctonia solant. In each test, Rhtzoctonta resistant 
line FC 703 and highly suceptible FC 901 were included as controls. Results of 
each company's test were statistically analyzed and sent to company breeders; 
thus, they will not be reproduced here. The mean disease index (DI) across 
tests for FC,/03 on a scale of 0 to 7 was 2.5, whereas for FC 901, the mean DI 
was 6.1. The range in DI means for all company lines was 3.1 to 6.5. Mean 
percentage healthy roots (0 + 1 DI's) was 40.1%-for FC 703, and) 1.0Zsfommo 
901. The range in percentage healthy means for company lines was 0 to 33.9%. 
Mean percentage harvestable roots (DI's 0, 1, 2, and 3) was 70.3% for FC 703, 
and 5.5% for FC 901. The range for company lines was 3 to 58% (mean = 26%). 


~ CS 


Breeding Sugarbeet for Increased Resistance to Rhizoctonia Root Rot.-—- 
R. J. Hecker and E. G. Ruppel. 


The need for rhizoctonia root rot resistance in commercial varieties con- 
tinues in many of the major sugarbeet production regions of the United States, 
even though there is some year to year change in the amount of crop loss 
caused by this root rot. The breeding program for resistance continues with 
two basic thrusts: first, to increase as much and as rapidly as possible the 
resistance to root rotting strains of Rhizoctonta solant; and second, to in- 
corporate or include with this resistance a genetic background making released 
breeding lines potentially useful in the development of hybrid varieties by 
commercial breeders. Hence, in this second thrust we are developing and re- 
leasing breeding lines, both multigerm and monogerm, which we hope will find 
direct use as parents in successful hybrid varieties. Among our multigerm 
developments and releases we have successfully maintained relatively high 
levels of genetic variability for all characteristics except Rhizoctonta 
resistance, and in most of these lines it appears that we have developed and 
maintained relatively high levels of combining ability, considering that the 
genetic selection pressure was primarily for resistance. Some of the multi- 
germ lines released and in process of development are listed in Table 1. The 
very best of these is FC 705, a recent release from the program. 


The monogerm materials in our breeding program have been derived from 
hybridizations of various monogerm, leaf spot-curly top resistant sources with 
our most resistant multigerm lines. The recovery of resistance by selection 
in the F, or in backcross generations has been difficult with one exception; 
that exception is a backcross to the susceptible parent which under selection 
yielded a number of lines of excellent resistance. Some of these are listed 
in Table 2, the best of which are entries 261 and 262. Even though random 
assortment for resistance was favorable in this case, desirable agronomic char- 
acteristics were lacking. For the most part, lines developed from this back- 
cross are low in vigor, have aerial roots, are bolting resistant, are poor 
seed producers, and generally are agronomically unattractive. Our recent re- 
leases, FC 708 and FC 708 CMS (BC>), possess many of these same undesirable 
characteristics. However, since this is the first monogerm type O and CMS 
available with relatively good resistance to Rhtzoctonta, it was considered 
worthwhile to release this germplasm and make it available to interested plant 
breeders for possible use in hybridizations. 


A new technique for exposure to the pathogen of plants in both the vege- 
tative and reproductive phase is described in a subsequent section of this 
report. This technique, hopefully, will be of value to breeders in the incor- 
poration of resistance from some of our releases into some of their proven 
parents in hybrids. 


The commercial-type materials listed in Table 2 are included for relative 
assessments and comparisons. Most of these represent commercial hybrids that 
we have not tested previously. Others represent exotic or antique germplasms 
as part of our continuing search for indigenous high levels of resistance. 

A considerable number of other germplasms were in the same test but are not 
included in the tables because they were not of significant interest. 


Results and observations from our testing, selection, and breeding pro- 
grams continue to support our hypothesis that resistance to root rotting 
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strains of R. solant is multigenically controlled in sugarbeet (at least two 
major genes with modifying genes or epistatic combinations). The resistance 
that we have developed appears to be horizontal since we know of no Rhtgoctonta 
strain to which germplasm from our Fort Collins breeding program has been found 
to be susceptible. 


Each year we produce new experimental hybrids involving our Rhtzoetonta- 
resistant lines as parents. The performance of these hybrids is reported in 
another section of this report. 


Table 1. Rhizoctonia root rot evaluation of multigerm resistant breeding 
lines and other lines for disease index (DI), % healthy roots, 
and % harvestable roots. 





Entry z Je 
_no. Line and description DI healthy harvestable 
246 FQ: 705 1.6 69 88 
267 FC 705; increase 1.8 68 88 
a a | Syn 10P.,fnomyeCe/02/5ex%erGe7 015s Fy 126 60 92 
269 M-line Syn from FC 702/5 Le 60 87 
329 M-line Syn from FC 701/5 20) 59 84 
Be Syn of 3 progenies from GW 674 & C 817 2.0 57 81 
263 3rd cycle GH sel. from FC 703 2k 53 81 
248 FG" 767 Dee 47 75 
239 FC 704 aa 53 82 
247 FC 706 283 48 75 
ae Syn from GW 674 & C 817 ea 50 73 
240 Syn 2 from 5 diverse Rhiz. resist. lines oe 38 77 
238 Syn 1 from Phoma resist. sel. from FC701/4 2.4 43 78 
Lar FC 7033; increase a4 44 74 
305 FC 701/5 Dat, 44 69 
Lhe FC 702/5 208 42 63 
250 ECa7O1/2 Das 34 65 
251 PC as02/2 2.9 37 60 
284 Rhiz. dampoff resist. sel. 3 eh 30 58 
266 2 ey Riz. Seleerrom ELae Seah 35 54 
Zid Leey Rhi2.-sel.e trom Flog Date aL 48 
241 Syn 2 from FC 801 3a 25 56 
324 Syn 1 from (FC 901 X Rhiz.resist.)By P; a2 21 44 
276 2.cy Rhizoed selasfromwssR lines 5.4 20 41 
245 F1001; stor.rot resist. from USSR lines S27 3 22 
249 FC 703; Rhizoc. resist. check a5 36 72 
256 FC 901; Rhizoc. susceptible check 6.4 0 0 


LSD (505) 0.65 Lbas 11.2 
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Table 2. Rhizoctonia root rot evaluation of monogerm or segregating lines, 
and commercial type materials, 


Entry 7 ee ee 
no. Line and description DI healthy harvestable 


Monogerm or segregating 


261 Syn from 5 S's from (FC 701 X mm, TO)BC]P 9 1.3 71 100 
262 Syn from 18 S;'s from (FC 701 X mm,TO)BC}P9 1.3 76 97 
260 OP from several MS S's Fe 62 98 
aot OP of aa segs. from Syn 1 from FC 701 X diya 69 1 
mn TO,F5 
236 syn i from*FC 701’ X*mm TO, F5 Ae 61 89 
308 Progeny from MS segs in mm Rhiz. resist. Loh 56 95 
line 
259 OP from 24 S}'s from (FC 701 X mm,TO)BC]P7 1.7 65 94 
285 Rhiz. resist. mm non-TO iso 40 97 
243 Syn 1 from (Rhiz. resist. X mm,TO)BC,P5 ro 62 86 
325 FO 7083" Bhiz. resist. ,mm, TO 25U 45 89 
258 OP from 5.S)}'s from (Rhiz. resist.X mm,TO) 2.4 40 ae 
326 Syn 1 from SP5831-0 on 47 TL 
303 Syn 1 from (mm, TO X FC 701) B,P OP, 2.4 wT ve 
O27 Dre rram oyu, 2 from’ SP5831~0 a 41 61 
239 Syn 2 from (mm, TO X FC 701)B,P,0Py 4,2 17 34 
264 FC 607 CMS oa 2 8 
254 FC 606 ek =) 10 
25 FC 606 CMS Dank 0 5 
Commercial-type materials 
253 Eiea 2 aso 19 43 
252 El: 43 et 8 22 
290 B.525=50 L 4.8 3 27 
302 Wie 32 aU 6 18 
289 Am. 3-S x. 4 14 
287 SP52108-0 5.4 is jus 
296 Hacemo oo 4 16 
299 Aula Dei 645(4X)3; Spain xo 2 aT. 
309 Mono Hy AS 530 2 6 
293 B 590 eo 1 11 
297 H 680 f Deu 4 10 
298 CERAMO 5.9 if 12 
294 Mono Hy A3 boa 0 1 
295 Mono Hy A4 Oe 0 2 
306 US 201 Ga. 10 i Wes 
286 Am. 5 6.2 0 6 
301 Polish (2X) Oe3 0 4 
310 Mono Hy D7 6.3 0 3 
SAL HH 21 6.4 0 2 
249 PG /03sehniz,- resist. check we 36 a2 
256 FC 901; Rhiz. susc. check 6.4 0 0 
Top «(.05) 0.65 Tres ee. 
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Advanced Test of Experimental Hybrids Resistant _to Rhtzoctonta solant.-- 
Ren) sneckerrancdaG se vesnonlieein. 


Our greatest progress in breeding sugarbeet for resistance to root rot 
caused by Rhizoctonia solani has been achieved utilizing heterogeneous multi- 
germ populations. In an effort to evaluate our multigerm Rhizoctonia resistant 
lines for general combining ability, we have crossed them with susceptible 
cytoplasmic male sterile lines. In evaluating these hybrids we have detected 
a few hybrids which display relatively good specific combining ability for 
sucrose production. We have tested these better hybrids in succeeding years. 
The results of these disease-free tests are summarized in Table l. 


Results for 1976 through 1978 were from single row plots in triple 
lattice tests. The results in 1979 were from a randomized complete block test 
with 5-row plots, 25 ft long, with rows 2, 3, and 4 being harvested. All the 
tests shown in Table 1 were grown under disease-free conditions at the CSU 
Agronomy Research Center and were planted between April 15 and April 27. 


The results in Table 1 which indicate that some of the Rhizoctonia 
resistant pollinators have relatively good specific combining ability are 
significant, since the resistant pollinators had been developed essentially 
for resistance without regard to combining ability. The experimental hybrids 
are generally not significantly different than the check (Mono Hy D2) for 
recoverable sucrose or the sucrose yield components. 


The disease indices (DI) from the 1979 Rhizoctonia nursery are also 
included in Table 1. Some of the hybrids have relatively good resistance, 
6 out of 9 having significantly higher resistance than HH 32, a Rhizoctonia 
resistant commercial variety. 


Some of these experimental hybrids might be directly useful in areas 
where rhizoctonia root rot is a chronic problem. Also, better hybrid com- 
binations of these pollinators with other male steriles might be found, or 
the resistant pollinators might be selected fer improved combining ability 
and used in some modified form. 


Combining Ability Tests of Rhizoctonia Resistant Experimental Hybrids.-- 
R.. J Hecker, and G. A.p Smith, 


In the 1979 combining ability test of Rhizoctonia resistant pollinators, 
we used a set of nine susceptible monogerm male sterile females and eight 
pollinators, seven of which were rhizoctonia root rot resistant and one of 
which was storage rot resistant. These test hybrids were grown in a disease- 
free test at the CSU Agronomy Research Center using single row plots in a 
triple lattice design. 


The performance of the best individual hybrids is shown in Table 1 (see 
page C-13). Nine of the experimental hybrids were not significantly different 
than the check (Mono Hy D2) for recoverable sucrose. These are cases which 
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Table 1. The most superior experimental hybrids in the 1979 disease free 
test of hybrids involving Rhizoctonia resistant pollinators. 


Recov. Root Diaaly 

Entry sucrose yield Sucrose purity 

no. Hybrid (T/A) (T/A) rh (%) 

822 (642027s1 CMS X 662119) X FC 702/5 3330 2745 15.4 89.0 
M-line Syn 

812 (1861 CMS X 12166) X FC 702/5 S69 Ani) 16.0 89.8 

826 (642027s1 CMS X 662119) X Syn progeny 3.14 2602 5.6 88.6 
GW 674 + C 817 

841 (652016s1 CMS X 662119) X FC 705 del Zhe iL Sag 88.0 

867 (562 CMS X 546) X FC 702/5 M-line a7vLO 24.4 16.0 SOF 
Syn 

806 (652016s1 CMS X 662119) X Syn from 3.09 24.6 og 89.6 
EL-42 

837 FC 607 CMS X FC 705 305 Zoeo 1539 88.3 

871 (652016s1 CMS X 662119) X Syn 305 pad ae 88.8 
progeny GW 674 + C 817 

852 (FC 504 CMS X FC 502/2) X.Syn from 3.04 eed a Lois2 89.8 
EL-42 

801 (562 CMS X 546) X Syn progeny GW 674 3.03 20 oe 1 Sieg 89.1 
and C 817 

823 FC 3-way CMS X Syn progeny GW 674 5.08 26.4 Lie 88.0 
and C 817 

862 C562 CMS x 546 ex ECs UD ae oO Lied os «9 

880 FC 3-way CMS X FC 702/5 3.00 22.00 16.4 BU so 

805 FC 3-way CMS X FC 702/5 M-line Syn 3.00 Da ad 16.7 90.5 

858 (FC 504 CMS X FC 502/2) X Syn pro- 2.99 20 1529 89.4 
geny GW 674 and C 817 

816 (652016s1 CMS X 662119) X FC 703 2398 OI. 0 Sore 88.4 

842 FC 607 CMS X FC 702/5 M-line Syn 2ie 9B 22.4 16.4 90.2 

869 FC 3-way CMS X Syn 5 diverse Rh. 293 eee) LOtZ a9 .4 
lines 

831 (562 CMS X 546) X Syn 5 diverse Rh. 2.90 Zed: Li 87.6 
lines 

863 (642027s1 CMS X 662119) X Syn 5 2.89 25.8 BD 52 Sach 
diverse Rh. lines 
Mono Hy D2 (check) 3.39 2250 1651 89.2 


LSD (.05) 0.35 oad 1.0 1a 





itt 


had relatively good specific combining ability for root yield or sucrose con- 
tent. Some of these better hybrids will be tested again in 1980. These 
better hybrids have relatively good production considering the relatively 
strong selection and breeding emphasis for Rhizoctonia resistance. Further 
information on these hybrids and limited quantities of seed are available to 
those who may be interested in testing them further. The CV's in this test 
were 10.1, 9.2, 5.1, and 1.54 for recoverable sucrose, root yield, sucrose %, 
and thin juice purity 4%, respectively. 


A preliminary assessment of the general combining ability of these resis-— 
tant pollinators is made in Table 2. The means of these hybrids with common 
pollinators are not a broad assessment of general combining ability, but the 
nine female parents involved have a certain amount of genetic diversity. We 
believe this array of means provides some indication of general combining 
ability of these pollinator lines. The FC 702/5 M-line synthetic would 
appear to have some potential as a pollinator, particularly because of the 
relatively high sucrose content of its hybrids. FC 705 produced high root 
yield hybrids with somewhat lower sucrose content and purity. This recent 
release, however, is the most resistant multigerm line that we have developed 
from our breeding program. 


The disease resistance of these pollinators as assessed in the 1979 Rhi- 
zoctonia nursery is also shown in Table 2. The most resistant lines are 
FC 705 and FC 702/5 M-line synthetic. The storage rot resistant line, F 1001, 
was relatively Rhizoctonia susceptible, 


The Rhizoctonia resistance of some of the more productive hybrids will be 
assessed in the Rhizoctonia nursery in 1980. Past experiments indicate that 
the rhizoctonia resistant pollinators should impart sufficient resistance 
when hybridized with susceptible females so that resulting hybrids should be 
potentially useful in rhizoctonia root rot problem areas. 


Table 2. Means for sucrose yield and components of hybrids in which the re- 
spective Rhizoctonia resistant lines were pollinators (disease-free 
test in 1979), and disease indices (DI) of the pollinators-in a 1979 
Rhizoctonia inoculated test (0 = no infection; 7 = plant dead). 


Recov. Root lero 
Disease sucrose yield Sucrose purity 
Resistant Pollinator index (T/A) ly A. ©) ie) 
FC 702/5 M-line Syn 145 BOL Janes Tor 89.9 
Syn progeny GW 674 and C 817 ae 5 2.94 oo, eras 88.9 
FC 702/5 28 2.90 2205 16.2 89.9 
FC 705 Lv 2.86 25-0 15.2 S760 
Syn from EL-42 Sit 2079 2220 45.7 89.3 
FC 703 2.4 24.75 oe. 7 Tern 88.7 
Syn 5 diverse Rh lines Bie 2692 2ea0 Se 88.8 
F 1001 (storage rot resist.) S37 2.64 DN ee 87.5 
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Rhizoctonia Resistance of Susceptible X Resistant Hybrids Relative to Their 
Parents.--R. J. Hecker and E. G. Ruppel. 


The advanced experimental hybrids discussed in a preceding section of 
this report also were grown in the 1979 rhizoctonia nursery along with their 
parents for evaluation of their resistance to Rhizoctonia solant. In this 
experiment, we used single-row, 20-ft plots, and 4 replications in a ran- 
domized complete block design. The methods were described in the first part 
of this section on Rhtzoctonta research. 


The 10 hybrids listed in Table 1 were all developed from susceptible 
male sterile females pollinated by some of our most Rhtz0ctonta-resistant 
multigerm lines. The mean disease index of the hybrids at 4.2 is only slight- 
ly less than the mean of the mid-parent values at 4.4. Hence, there was very 
little dominance for resistance in this set of susceptible X resistant hy- 
brids. The greatest degree of dominance was exhibited in the two triploid 
(3X) hybrids. This is similar to results which we have reported previously, 
that triploid hybrids with two genomes from the resistant parent tend to 
have a greater level of resistance. The eight diploid hybrids, as a group, 
had a DI of 4.3 compared to an average mid-parental value of 4.4. Hence, 
they showed very little dominance for resistance. This is somewhat in con- 
trast to our past reports on similar hybrids where we had found some degree 
of partial dominance to be the general case. The disease intensity as 
measured by percentage harvestable roots reflected about the same type result 
as the disease indices. 


At this point in time, until we get further results to clearly establish 
the effect of dominance, it appears that breeders should generally expect 
little dominance effects for resistance in hybrids involving susceptible 
diploid females and resistant diploid pollinators. With respect to triploid 
hybrids, the results in this experiment corroborate results from our earlier 
experiments in which there appears to be a dosage effect for resistance when 
a tetraploid resistant line is used as a pollinator in the hybrid. 


Selection for Rhizoctonia Resistance Using Two Exposures to the Pathogen per 
Generation.--R. J. Hecker and E. G. Ruppel. 


In our program of breeding for resistance to rhizoctonia root rot, we 
have always made selections for resistance following inoculation of vegeta- 
tive plants grown in field plots. From various experiments, we know that the 
heritability for resistance to this disease is rather low, probably in the 
range of 0.25; hence the need has existed to apply greater selection pressure. 
In an attempt to accomplish this, we made selections of field-grown roots 
which had been inoculated by our standard procedure. After storing these 
selected mother roots over winter, they were transplanted and inoculated in 
seed-production isolations. As the individual bolting plants developed 
symptoms of infection, they were removed. In late June and early July, in- 
fection was at its peak. However, some plants flowered before showing 
symptoms of infection and contributed in some degree to the pollen cloud. 
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By harvest time in early August, only that percentage of plants noted in 

Table 1 had remained infection free and survived the roguing process. At the 
time of seed harvest, the roots were lifted and the seed was pooled from those 
roots apparently infection free and from those roots which showed only a 
slight degree of infection. The 1978 isolation plot with the mix of five re- 
sistant sources had initially contained 338 plants, and the plot of FC 703 

had contained 597 plants (Table 1). In the summer of 1979, resultant mass 
selections were evaluated in the rhizoctonia nursery. The results in Table 1 
indicate that, in the case of FC 703, there was some indication of progress in 
resistance due to the combined selection in both vegetative and reproductive 
phases. It also appeared that there may have been more progress towards re- 
sistance in the portion of the populations that showed no infection at seed 
harvest time compared to the portion that showed a slight degree of infection. 


Although this preliminary experiment did not clearly establish the value 
of exposure and selection in the reproductive phase, it is likely that selec- 
tion pressure is greater in this phase than in the vegetative phase. In the 
case of FC 703, 30% of the population was selected after exposure in the 
vegetative stage; whereas, 5% was selected in the reproductive phase. Hence, 
less than 1% of the initial population was finally selected. 


We are adopting this selection procedure on a broader scale and plan to 
use it routinely in our breeding program. The only disadvantage is the 
temporary contamination of the isolation plots, restricting their use in the 
near future to Rhtzoctonta-resistant populations. 


It is our recommendation that any breeder doing selection for Rhtzoctonta 
resistance in segregating backcross generations start with sufficiently large 
populations that would allow two inoculation exposures per generation, and 
would allow up to 95% and 99% elimination in relatively resistant and sus- 
ceptible populations, respectively. 


Table 1. Rhizoctonia resistance assessments of sugarbeets exposed in the 
vegetative and reproductive stages. 


Parent hs 
Entry plants to Harvest- 
No. Line and treatment selected DI Healthy able 
279 Mix of 5 resist. sources; no Zi 1.9 52 82 
infec. after root inoculation 
260° Mix of 5° resist. sources; slight on ane 35 64 
Torecs AeLer "root inec,. 
281 FC 703s novinfteet, after rooteinoc. ORS 5B S| 47 81 
282 FC 703; slight inf. “after ‘root Hinoe: 2h 22 43 76 
257 FC 703; no selection -- Zen 41 74 


LSD” C205) 0.65 iis) 1ivZ 
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Effect of Soil Deposition in Sugarbeet Crowns on the Severity of Rhizoctonia 
Root Rot.--E. G. Ruppel and R. J. Hecker 


A randomized complete block design with four replications was used to 
confirm last year's results (Sugarbeet Research, 1978 Report, p. C14-C15) 
which showed that soil deposited in beet crowns during cultivation practices 
led to increased root rot. General methods were described in the 1978 report, 
except no postemergence herbicide was applied. 


Contrary to our previous results, crown deposition of soil did not 


increase disease severity in 1979 (Table 1). There was a tendency toward 


Table 1. Effect of soil deposition in crowns of sugarbeet on severity of 
Enizoctonia rool rot in 1978 and_19/9. 





: Disease index? % Harvestable? 
Soil erates ENS SERS 
Cultivar deposition! 1978 1979 1978 1979 
FC 703 + 2.9 ae 72 SL 
~ 253 Sond 78 54 
HH 32 + nao 4.9 =~ 32 
~ aa ice -- 30 
FC 901 + O23 ute 7 28 
- ew a Dh 30 
14+ = soil deposition into crowns; - = no soil in crowns. 


2 Disease index on a scale of 0 to 7, with 0 = no rot and 7 = plants dead. 
Means of eight replication in 1978 and four replications in 1979. 


3 Disease index classes 0, 1, 2, and 3 combined; means of eight replications 
apes ro and four in 1979. 


higher disease indexes and fewer harvestable roots when soil was thrown into 
crowns of both resistant line FC 703 and susceptible line FC 901, but differ- 
ences were not significant. A reversal of this trend, also nonsignificant, 
was observed in the hybrid HH 32. Environmental influences and possible 
variations in inoculum potential may have contributed to the apparent year 
effect; however, we still cannot recommend any practice that deposits soil 

in beet crowns. The 1978 results, results of other investigators, and 
general observations have been tvo clear to be ignored. 


(This study was partially supported by the Grower-G.W. Joint Research 
Committee, Inc.) 
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Effect of Systemic Insecticides on the Severity of Rhizoctonia Root Rot.-- 
E. G. Ruppel and R. J. Hecker 


Manzate-treated seed of Rhtzoctonta-resistant line FC 703 and an inter- 
mediately resistant commercial hybrid HH 32 were planted in R. solant-infested 
and inoculated soil on April 20 in a randomized complete block design with 
three replications. Four-row plots were 20 ft long with 22 inches between 
rows. Plots were thinned to 25 plants/row on May 24. On June 1, carbofuran 
10 G ('Furadan')» at 20 1b product/acre, aldicarbs 15°Gi ("Temik’) at 2558 
product/acre, and phorate 10 G ('Thimet') at 15 1b product/acre were side- 
dressed and covered. Nontreated plots of each cultivar served as controls. 
Roots were harvested in September and rated for rot on a scale of 0 to 7, with 
O = no rot and 7 = plants dead. A disease index (DI), a weighted average 
based on the number of plants in each class, was calculated for each plot. 
Percentage healthy data was calculated by combining DI classes O and 1. 
Results are presented in Table l. 


Table 1. Effect of three systemic insecticides on severity of rhizoctonia 
root rot in sugarbeet. 


Cultivar Insecticide Disease index! bo Healthy? 

FO4/03 Furadan AG 24 
Temik O60 oo 
Thimet 4.6 18 
None 2249 44 

Bie 3Z Furadan ier ee 
Temik Dene 14 
Thimet ee 9 
None 4.2 29 


| Disease index on a scale of 0 to 7, with 0 = no rot and 7 = plants dead 
means of three replications. 


* Disease index classes 0 and 1 combined; means of three replications. 


Analyses of variance for DI and % healthy data indicated significant 
differences among insecticides, but there were no significant line X insec- 
ticide interactions (P = 0.05). A Duncan's multiple range test (DMRT) on 
the DI means (across lines) showed that 'Thimet' significantly increased 
root rot severity, as compared with the other insecticides and the control. 

A DMRT on the % healthy means (across lines) showed that all the insecticides 
significantly reduced % healthy beets as compared with the controls. The 
common use of 'Thimet' in the control of curly top, and 'Temik' for nematode 
control warrants additional studies on the effect of these and other pesti- 
cides on rhizoctonia root rot. 


(This study partially supported by the Grower-G.W. Joint Research 
Committee, Inc.) 
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Effect of Nitrogen Source and a Nitrogen Stabilizer on Rhizoctonia Root Rot 
of Sugarbeet.--R. J. Hecker and E. G. Ruppel 


We have shown in previous research that rhizoctonia root rot of sugarbeet 
was not appreciably affected by the quantity of available nitrogen in the soil, 
or by the time or method of nitrogen application. Research by others has 
demonstrated various effects of nitrogen form on several fungal and bacterial 
diseases of other crops. In our continuing research to identify cultural fac- 
tors affecting rhizoctonia root rot in beet, we conducted a field experiment 
in 1979 using two forms of fertilizer nitrogen and a nitrification inhibitor, 
nitrapyrin ('N-SERVE 24'). Nitrapyrin is specifically active as a suppressant 
of Nitrosomas species, the soil bacterium responsible for the rapid conversion 
of ammonium to nitrite nitrogen. This allowed a comparison of nitrogen forms 
on rhizoctonia root rot. 


In an area of our 1978 Rhizoctonta nursery, the rotted roots were plowed 
down in the fall. In the spring of 1979, 50 1b/acre of dry, ground, barley- 
grain inoculum of R. solant was preplant broadcast and incorporated as well as 
3 1b active ingredient (a.i.) of cycloate ('Ro-Neet') per acre. The two nitro- 
gen treatments, 100 1b N/acre each of ammonium sulfate and calcium nitrate, 
and the nitrapyrin treatment, 2 1b a.i./acre also were preplant broadcast and 
incorporated. A soil test detected about 90 1b/acre of residual nitrate N 
feine top 2 ft of soil. 


The experiment was a 2 X 3 X 2 factorial in a randomized complete block 
design with three replications, planted April 20. The two cultivars used 
were Mono Hy Al (susceptible) and an intermediately resistant experimental 
hybrid. The 4-row, 20-ft plots were thinned to 25 plants/row on June 24. Roots 
in all plots were lifted on Sept. 21 and rated for amount of rot, with 0 = no 
infection and 7 = plant dead. The disease index (DI), a weighted average based 
on the number of plants in each class was calculated for each plant. There 
was no difference between the two center rows (2 and 3), and rows 1 or 4; 
hence, all rows of each 4-row plot were used to calculate the DI's and Z har- 
vestable roots. The percentage harvestable roots were those roots rated 0, l, 
2, and 3; these roots were sufficiently sound to be included in a grower's 
harvest. 


Treatment means are given in Table 1. No significant differences were 
measurable between the two nitrapyrin treatments across nitrogen treatments, 
or between nitrogen treatments. None of the first order interactions were 
significant. 


The DI's for nitrapyrin vs. no nitrapyrin on the calcium nitrate treat- 
ment (3.9 vs. 4.8) were significantly different, but this cannot be due to 
nitrification inhibition. There were significant entry differences, with 
Mono Hy Al having DI and % harvestable means of 4.9 and 32, respectively, 
compared with the intermediately resistant hybrid with means of 3.7 and 48. 


There was a relatively large amount of residual nitrogen in the soil in 
the form of nitrate N (90 lb/acre). Hence, in the calcium nitrate treatment, 
about 190 1b N/acre were available from planting as nitrate N, whereas about 
90 1b N/acre as nitrate N and 100 1b N/acre as ammonia N were present in 
the ammonium sulfate treatment. The nitrapyrin would be expected to have 
reduced the nitrification rate of the ammonium N, and its effect would be 
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expected to have lasted for more than 100 days after application. Hence, 
some difference in nitrogen form should have persisted well into the time of 
infection and disease initiation. We conclude, therefore, that root rotting 
strains of R. solant are probably unaffected by proportions of N forms which 
might be practically achievable in normal beet culture. 


Table 1. Mean disease index (DI) and % harvestable roots for nitrogen and 
nitrapyrin treatments. 


Nitrogen Nitrapyrin No nitrapyrin Means 


treatment Dil aac DI ame tiettas DI & nae 
Ammonium sulfate 3} 40 a 36 485 38 
Calcium nitrate 329 45 4.8 34 4 33 40 
No added nitrogen 4.3 4l Sno 45 4.1 43 
Means 4.2 42 eo 38 


Effect of Plant Population Density on Severity of Rhizoctonia Root Rot.--E. G. 
Ruppel and R. J. Hecker 


We tested whether sugarbeets spaced 5-, 10-, and 15-inches within the row 
responded differently to our standard inoculation procedures. Single-row plots 
20-ft long of Rhtzoectonta-resistant line FC 703 and an intermediately~resis-— 
tant hybrid were separated by one row of a resistant common competitor. A 
randomized complete block design with four replications was used. 


Analyses of variance of disease index and % healthy data indicated no 
Significant differences in the severity of root rot among the spacing treat-— 
ments. The difference between lines in both analyses was highly significant, 
with less rot in line FC 703. There were no significant lines X spacing 
interactions. Means are presented in Table l. 


Table 1. Effect of plant population density on severity of rhizoctonia root 
rot in sugarbeet. 


Pvant 
Line spacing Disease index % Healthy 
(in) 
EG) 705 5 2 
10 S 
nS 2 
Hybrid 5 4 
10 4 
ILS, 4 
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Organic Amendments for Control of Rhizoctonia Damping-Off in Sugarbeet.-- 
E. G. Ruppel and R. J. Hecker. 


Dry, ground barley straw, alfalfa hay, pine sawdust, and pure cellulose 
was added to Rhizoctonta-infected field soil at 0, 0.25, 0.5, or 1.0% of the 
soil dry weight. The soil was infested with R. solant (isolate R-9) by mix- 
ing dry, ground barley-grain inoculum at either 500 or 1,000 ppm. Nonamended 
infested soil was used as a control. The various soil mixes were placed in 
10-cm-diam clay pots, and maintained at 50% maximum water holding capacity 
for 2 weeks, after which each pot was planted with 10 seeds of commercial 
cultivar Mono Hy D2. Thereafter, the soil in each pot was irrigated as need- 
ed. Seedling survival, as a percentage of control survival, was recorded 
21 days after planting. To determine residual effects of the amendments 
and/or the development of pathogen antagonists, all seedlings were harvested 
and 10 more seedlings were planted immediately in each pot. Similarly, a 
third planting was made after the results of the second planting were re- 
corded. A split-plot design was used with three replications of each treat- 
ment 


Results (Table 1) showed a general trend of increased seedling survival 
with an increase in concentration of organic amendment, with additional in- 
creases after each planting. There were some exceptions to this trend, 
particularly at the higher fungus level. Barley straw at 1.0% provided the 
greatest control (2.5 times control survival) after the third replanting in 
the lower level of fungus inoculum. 


All percentages below 100% in Table 1 indicate that the amendments 
actually contributed to an increase in seedling damping-off. These increases 
could be due to a direct adverse effect on seed germination, an indirect 
adverse effect on antagonists of R. solani, or a direct stimulatory effect 
on the pathogen. Additional studies are needed to clarify this point. 


The values greater than 100% indicate control of R. solant. Since this 
effect was not observed in a preliminary test with sterile soil, and tended 
to increase in time and concentration of amendments, a biological control 
mechanism seems likely. Bioassays of soil dilutions on a selective medium 
indicated that Trichoderma, a known antagonist to Rntzoctonta, was not in- 
volved. However, additional tests are needed before this fungus can be 
ruled out. 


With only three exceptions, alfalfa hay amendments led to an increase 
in damping-off. Since many observations have been made of increased 
rhizoctonia root rot in beets following alfalfa, additional studies are 
needed on the effect of this amendment on the pathogen or its antagonists. 


(This study was partially supported by the Grower-G.W. Joint Research 
Committee, Inc.) 


- C23 - 


Table 1. Effect of organic amendments at three concentrations on seedling 
survival of sugarbeet after three successive tri-weekly plantings 
in field soil infested with 500 ppm (L) or 1,000 ppm (H) barley- 
grain inoculum of Rhtzoctonta solant. 


Seedling survival at indicated planting? 
a 


Organic amendment _ 1 2 
Type Conenl LE H i H L H 
he hs yA is i he hs 
Barley straw 0.25 21 76 92 89 85 103 
OR 60 158 100 143 100 cane 
ow tit TEsOPS | 8103 SF aSSS Oe AG ey eel Ogee a re 
Alta lia hay 0.20 34 Ze 90 34 oe 27 
Ons 69 46 65 Zu at 38 
Sow ube Le BLED ne 2 eee 
Pine sawdust 0.25 21: 36 3 31 12 130 
Oe 2 102 are a4 79 205 
Re Oe ee en eee ee ee 
Cellulose O23 68 61 110 89 100 133 
O25 LOL 101 Lo 98 114 122 
TsO 


ut 120 oo 124 LLY 235 


Concentrations as % dry weight of soil. 


Percentages based on control survival in nonamended, Rhizoctonta-infested 
soil; means of three replications. Data recorded 21 days after each 
planting. 


EPIDEMIOLOGICAL AND BIOLOGICAL INVESTIGATIONS 
ON FUSARIUM YELLOWS OF SUGARBEET (BSDF Project 54) 


Inoculations of Sugarbeet with Fusarium in the Greenhouse.--E. G. Ruppel. 


Soil infested with spore suspensions of Oregon, Wyoming, and Colorado 
isolates of Fusartwn oxysporum f. sp. betae was placed in 4-in-diam pots 
and planted with seeds of a Fusartwn-resistant and a susceptible line of 
sugarbeet (supplied by the G.W. Sugar Company). Emerging seedlings were 
not uniformly infected by any isolate, and differences in host resistance 
or isolate virulence could not be detected. Obviously, conditions for a 
more uniform epiphytotic must be established, along with techniques that 


allow differentiation among genotypes having varied degrees of resistance 
to the pathogen. 
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When roots of 2-month-old sugarbeets were wound-inoculated with a known 
pathogenic Oregon isolate, symptoms of fusarium yellows developed slowly over 
a 2-month period. The long incubation period and the need for large, individ- 
ually potted beets would not make such a test suitable for evaluating large 
populations for resistance to the pathogen. 


Further In Vitro Comparisons of Several Fusarium Isolates.--E. G. Ruppel. 


Isolates from Colorado, Montana, and Wyoming were somewhat similar in 
culture, particularly in pigmentation of mycelium and culture medium. 
Isolates from Oregon, however, were strikingly different in these character- 
istics from those obtained from other states. 


SUGARBEET QUALITY IMPROVEMENT RESEARCH (BSDF Project 53) 


Clarification of Samples for Polarimetric Sucrose Determination: A Detailed 
Comparison of Aluminum Chloride vs. Lead Subacetate.--S. S. Martin and 
eee. Hecker, 


Because of current interest in an alternative to lead as a clarificant 
for sugarbeet extracts for polarimetric sucrose determination, we report 
here in greater detail the results of an experiment based on diverse experi- 
mental material. Previous reports have described the analytical procedures 
(Sugarbeet Research, 1977 Report) and the overall means of this experiment 
(Sugarbeet Research, 1978 Report). 


The experiment was designed to obtain a wide range in sucrose concen- 
tration, so that the effectiveness of aluminum chloride as a clarificant 
could be compared with that of lead subacetate over a more extensive range 
than would be encountered in any normal commercial growing situation. Four 
entries and two nitrogen levels provided the variability desired. 


As we reported previously (Sugarbeet Research, 1978 Report, p. C24), 
the overall experimental means for aluminum-clarified vs. lead-clarified 
samples were 14.70 and 14.73, respectively. The two filtrate types did not 
differ statistically (by paired-sample t-test, t=1.72) and the correlation 
coefficient between sample types was very high (r=0.99). 


Examination of the means by entry (across both nitrogen levels) showed 
that only in the half-fodder beet, low sucrose genotype was there a signifi- 
cant difference between the two filtrate types. Here, the aluminum-clari- 
fied samples were slightly lower in sucrose content than the comparable lead- 
clarified samples (Table 1). Even in this entry, if the samples were con- 
sidered as a group, the differences between filtrate types were not 
statistically significant. Only by the more sensitive two-way or paired 
analysis were differences apparent statisticaliy. The correlation 
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coefficient between the two filtrate types for the half-fodder beet entry 
was 0.98, so samples corresponded closely except for the slightly higher 
sucrose values, on average, of the lead-clarified samples. 


In each other genotype, either method of clarification resulted in 
sucrose data that did not differ statistically, either by groups or by 
paired analysis (Table 1). 


Table 1. Sucrose means by entry, for samples clarified by aluminum 
chloride or lead subacetate. [n = 72 samples per entry per 
extract type. ] 








Mean 7 Group Paired 
Entry Pb-clarified Al-clarified ic t 
52-305 CMS X Ovana, Fl 11256 11.44 0.74 ns 4.86%* 
Polish AJ-ZZ 16.82 16.84 0.16 0.53 
Mono Hy D-2 15.41 Laced: 0.04 0.16 
FC Exptl hybrid Lee 1) os FeL6 0.85 


If the sucrose data were examined at each level of applied nitrogen, 
"regular" and "high," the usual effect of excess nitrogen application was 
seen (Table 2). Both clarification methods, however, gave similar results. 


Table 2. Sucrose means by nitrogen level, for samples clarified by 
aluminum chloride or lead subacetate. 


Mean Group Paired 
N-LEVEL Pb-clarified Al-clarified t ff 
Regular N 14.93 14.89 OR 15 1.86 
High N 14553 i 52. 0.07 0.73 


We conclude that aluminum chloride clarified samples are fully satis- 
factory for polarimetric sucrose determination in any sugarbeet genotypes 
likely to be encountered in commercial practice. 


Effects of Mass Selection for Amino Nitrogen Content.--R. J. Hecker, 
Sebo Martin,? and? GirAl Smith: 


Several years ago we commenced an experiment on mass selection for amino 
nitrogen content in sugarbeet. The objectives in this experiment were (1) 
to determine the effects of amino N selection on sugarbeet quality and yield 
and (2) to make determinations about the genetic control of amino N content 
based on the response to selection. 
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The source population from which the initial selections were made was 
a productive, genetically broad based, monogerm, open pollinated population. 
The selection study began with four directions: (1) selection for low amino 
nitrogen at high nitrogen fertility, (2) selection for high amino N at high 
fertility, (3) selection for low amino N at low fertility, and (4) selection 
for high amino N at low fertility. Two cycles of selection were completed 
in all four categories. Thereafter, limited resources necessitated the 
abandonment of selections being made at low fertility. The selections at 
high fertility were carried forward with four cycles being completed for low 
amino N and three cycles for high amino N. One selection cycle of the latter 
was lost by accidental herbicide application. Seed produced in these various 
cycles of selection, along with the source population, were grown at Fort 
Collins under optimal nitrogen fertility. The results of this assessment 
are shown in Table l. 


In those populations of principal interest, low and high amino N at 
high N fertility, it appears that genetic progress was made toward lower 
amino N content in raw juice, as the fourth cycle had 1.0 mg of amino N per 
100 g sucrose in raw juice compared with i.5 mg in the source population. 
More dramatic selection results were apparent in the selection in the 
opposite direction (high amino N), with the third cycle having 2.9 mg of 
amino N per 100 g sucrose in raw juice compared to 1.5 mg in the source 
population. Total nitrogen per 100 g sucrose in raw juice appeared to have 
decreased or increased in concert with the amino N content. The content of 
nitrate, sodium, and potassium appeared to have been unaffected by the amino 
N selection in either direction, and betaine appeared to have been slightly 
affected. Selection for low amino nitrogen appeared to have a deleterious 
effect on recoverable sucrose and sucrose content, with root yield and 
purity being relatively unaffected. In the high amino N selection at high N 
fertility, the thin juice purity appeared to have been significantly de- 
creased. In general the selection for low amino N content was deleterious 
to sucrose production, although significant improvement was shown in thin 
juice purity. From these preliminary results it would appear that selection 
for low amino N per se, even though effective in diminishing the quantity of 
amino N in the resulting selective populations has not been beneficial to 
sucrose production. 


Lead clarified sucrose filtrate was also collected and analyzed from 
these various populations and, although there were absolute differences in 
the values, the results due to this selection were quite similar. 


Another field test of these materials along with combining ability 
tests of these lines as pollinators will be accomplished in 1980 and complete 
results will be reported later. 
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Effect of Selection for Post-Storage Quality.--R. J. Hecker, S. S. Martin, 
and G. A. Smith 


Two cycles of a post~-storage quality selection experiment have been 
completed. The objective of the experiment was to determine the effective- 
ness of quality selection after 100 days of post-harvest storage. Preliminary 
results are presented here as a progress report. The source population in 
this experiment was SP 6322-0, a genetically broad based multigerm population 
which is the male parent of the commercially used hybrid, USH 20. Individual 
roots were then analyzed for weight and sucrose content and for amino nitro- 
gen, sodium, and potassium in lead-clarified sucrose filtrate. From these 
non-sucrose constituents and the sucrose, a calculated purity was determined. 
Selections of individual roots were made on this calculated purity. The 
selected individuals were then inter-mated to produce the population for the 
next cycle of selection. The first and second cycle populations from optimum 
and high fertility were grown together with the source population at optimum 
Pecer lity at Ft. Collins. 


The results from beets at harvest are shown in Table 1. The chemical 
analyses were made in raw juice in order to measure the selection effect 
directly on the beets. This mass selection for post-storage quality appar- 
ently was effective in the improvement of thin juice purity, especially in 
the selected population grown at optimum fertility. The second cycle popu- 
lation had a thin juice purity of 93.4% compared to 91.3% for its source 
population. Sucrose in the populations developed from selection was not 
significantly different from that of the source population; however, the root 
yields of all selected populations were reduced from that of the source popu- 
lation, and recoverable sucrose tended to be lower in selected populations. 
There were no significant changes in amino nitrogen, total nitrogen, po- 
tassium, or betaine, but nitrate and sodium were significantly lower in both 
second cycle populations. 


Even though thin juice purity and sucrose were significantly increased 
in the second cycle populations, root yield decreased. This loss in root 
yield per se may be unimportant if the combining ability of the selected 
populations was not affected. We plan to continue the experiment through 
one or two additional cycles of mass selection for post-storage quality, 
then assess the source and selected populations for combining ability. 
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CERCOSPORA/CURLY TOP RESISTANCE BREEDING AND RELATED RESEARCH 
(BSDF Project 25) 


Breeding for Resistance to Cercospora and Curly Top Virus, 1979,--G, A. Smith 
and E. G. Ruppel 


The leaf spot epidemic in our 1979 nursery provided excellent conditions 
for evaluation of breeding lines. Under the severity of this year's epiphy- 
totic, a leaf spot rating of 4.0 at the peak of the epidemic would be con- 
sidered good. The average rating of our leaf spot resistant check in 1977 and 
1978 was 4.6 and 3.0, respectively. The average resistant check rating in 
1979 was 3.8. The curly top epidemic at Logan, Utah was considered moderate 
and, hence, many of the curly top ratings reported here would be greater under 
a more severe epidemic. 


The results of 1979 leaf spot and curly top epidemics are presented in 
Table 1. The majority of lines in Table 1 have been developed for combined 
resistance to leaf spot and curly top. As emphasized before, this is an ex- 
ceedingly difficult goal because of an apparent negative association between 
the two diseases. FC 606 (entries 1281 and 1282) followed by FC 607 (entry 
1296) are the latest of only a very few that successfully combine good levels 
of resistance to both diseases and have good vigor. Recent data suggest that 
these lines have good combining ability for root yield and sucrose. Certain 
hybrid combinations with these lines also may be especially good for disease 
resistance. Entry number 1311 is one such cross that has high leaf spot re- 
Sistance, and yields well under Cercospora infection according to our initial 
test results. Another monogerm combination that has good combined resistance 
is entry 1301. If this entry continues to show good combined resistance, the 
synthesis of its type 0 will be undertaken in the greenhouse. 


Table 1. Mean leaf spot and curly top ratings of some breeding lines tested 
ac Port Collings. CO and Lovan, Ul, 1979. 








Entry Seed Leaf Curly 


No. No. Description spot } topt + 

1280 781005H0 (642027s1 CMS X 662119s1, T.O.) X FC 605, 4.5 2.0 
T.O. = FC 608 

1281 A78-44 (oo2t9el CMs xX Go720l6s1, 1.0.) x FC 605, 4.0 Pia 
T.0. = FC 606 T.O. 

1282 A78-45 [662119sl T.O. X 652016s1 CMS (B,)] X FC 4.2 2.0 
605 T.0. = FC 606 CMS 

1283 781040 741026H # seed of roots sel. for hi sucr. 4.7 3.0 


and intercrossed with roots selected for 
high LSR and reselected for LSR 

1285 781042H Bulk of 761046H2 + 761046H from 741026H2; ad, rs 
intercrossed with selections for high 
LSR and high sucrose 

1286 781043H fO104/02* f/41023.. EC 605 sel. for high ga Pins 
sucrose V4th root and high LSR 


Lae. 781051HO02 (65701661 50UMS 5 6621196. mm, TaOo ik 1861. 5.4/7 a 
AL mw hDihty 42 

1288 781051HO3 (642027s1 CMSX662119sl, mm, T.0.) X 1861 6.0 Lm 
2. aly) Tim 
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Table 1. Mean’ leaf spot ‘and curly top! ratings, “i. '.... Continued: 

Entry Seed Leaf Curly 
No. No. Description spot! top! 
1289 781051HO4 FG) 605 GMS 4k Leo) tee, ab hae 720) 

1290 781051HO5 (FC 504 CMS X FC 502/2) X 1861 T.O., mm Oi 4gs 

1291 781090HO2 [(65201L6si4 CMS), Birk 662019s lyr x 5 FZ Feu 


FOF6OShT. Oe GESo,! 1h OL. nat 

1292 781090HO3 [ (FC 504*X 502/2=CMS) XeFC6O5 TIVO] XX yer 3.0 
LEOLOeT OF, Pana 

12938 781090HO4 CFC 506! CMSiXeFCN605 ef. 05)? XPLBGT WUD, OF pum = % 

A 5 751102HO3 (642027si2 CMS* X4662109 si? TOO)? XEC 60 5G 4. 
L.0. 2-2 EO 00 GaCMS 

20 751102HO4 FE 2(S504- X2-502/ 2). CMS. eG eo Sel Oe ano aoe 
FC 607 CMS 


1297 751102HO5 FG) 5O0GMCMSAX! EC "60545 Ts07 Iso Jed 

1298 751105HO2 (65201681) (CMS Xs 662019s0/,1'. OF0% BEC: 506410 4 3.5 

1299 7511983 FC 605 CMS X LSR intercrosses from 4.5 2.0 
B. martttma and B. vulgaris 

1300 751124HO1 662119sl1 CMS (B,), mm, LSR-CTR 0 oo 

1301 751124HO2 FC!) (50450272) ‘CMS? Xv662129sH AT {0 PS mm S-4r0 Seo 

1302 76L02Z9H2 [FC (504 'X)502/2 )C-CMS anit “ECr605S ESO. Pee Fay yeu 
761016H, MM, non-0 

303 761029H3 (FC 506 CMS X FC 605) X 761016H, MM, non-0, 4.0 yao 
LSR 

1304 761029H4 FC 605 CMS X 761016H, MM, non-O, LSR GS Pa 

1305 761030H2 [FC (504 X°502 /2) CMS AEC GOS PRX S610, ee 2 oo 
MM, non-0, LSR 

1306 761030H3 (FC 506 CMS: X FC 605) X 7610175 MMS non—-0; eae 3.0 
LSR 

1307 761034H3 (65201681, CMS, X 66211961, 0.0 Gy Of5 ees 3.0 
T20. TeX 776 L0340 PO LS 

1308 761036HO3 FC 602 CMS X 761036HO, mm, from 662110s1, Aes Laue 
CTR=-LSR 

1309 761036HO5 FC 605 CMS X 761036HO, mm, from 662110s1, a deo 
CTR-LSR 

1310 761036HO7 FC 506 CMS X 761036HO, mm, from 662110s1, 4.0 aes 
CTR=LSR 

PSU 761039HO2 FG 605 CMS X [FC(504 x 502/2) xX )SP e6h322-0)=03,4 3.0 
FC 607 CMS X SP 6322-0 

1313 771058HO4 (652016s1 CMS X.662uL0si, 7.0. )e SehC 604,10 428 3.0 

1314 771060H FC 801, MM, RR Sof 4.5 

1345 771060H2 FC 605 CMS, mm X FC 801, MM 4.5 4.0 

Lp 771060H3 662119sl1 CMS, CTR, mm X FC 801, MM Sie Jee 

L3de/ 771060H5 (642027s1 .CMS X. 662119s1., 2.0...) X EC 801 5MM 52 4.5 

131.6 771060H6 (652016s1 CMS X 662119s1, 7.0.) X FC 801,MM 4.3 4.0 

1319 771081HO2 (642027sl CMS X 662119s1. 01.0.) xel-36, 6.0 Agee 
mm, CTR 

1320 771081HO3 (65201681 CMS; X 662119si1-;%. 0...) X L=-36, mm, 3.2 laa 
GU 

1321 69-9432 34 CMS; MM, CTR dau Le 

1322 69-9433 Shel oO asa MMe CTR 7.0 heh 


--Contd.-- 
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Table 1. Mean leaf spot and curly top ratings ... . .Continued. 





Entry Seed Leaf Curly 


No. No. Description spot top! 
rse3 7710314 Syn “lof FC70L. X)(LSR-CIRJvmm; ‘TO... lines) 4.8 55 
Poo 761051 Rh. res. syn from FC 901 X 631001-0,B)P, 6.0 noo 
i325 771097HO Ki. ces, mm i40, hes SSD 
1326 761058H-1 Syn] ot-FC?70)--CESR=CTRe mms Os lines) a5 re 


thru -26 comp 


oaks? 771077 US 201 333 Jeo 

Checks: 

1328 671201HO8 LSR check; FC (504 X 502/2)X SP 6322-0 oD eeu 

1329 A63-5 Intermediate LSR check; SP 5822-0 OR aD 

1330 731083 LSS check; synthetic check 6.8 Bess 
US 41 Logan check ee 
US 33 Logan check ad 


1 Leaf spot and curly top ratings based on 0-10 scale with 0 = no symptoms 
and 10 = dead for curly top or complete defoliation for leaf spot. 


Leaf Spot Evaluations of Sugarbeet Lines Submitted by BSDF-Member Companies.-- 
E. G. Ruppel and G. A. Smith. 


Separate randomized complete block designs with two replications were 
used to evaluate a total of 116 breeding lines submitted by American Crystal, 
Great Western, and Holly Sugar Companies, and from Beta Seed, Inc., for their 
response to infection with Cercospora bettcola. Internal check lines included 
Cercospora-resistant FC(504 X 502/2) X SP 6322-0, a susceptible synthetic, and 
SP 5822-0 having intermediate resistance to Cercospora. The nursery was 
planted April 24 and inoculated July 9. The epidemic developed and remained 
exceptionally uniform, reaching maximum severity about September 4. Warm 
weather and abundant precipitation provided a severe epidemic. We made 
ratings for leaf spot on August 22, August 28, and September 4, using our 
usual 0 to 10 scale. Mean ratings for the resistant check ranged from 2.8 
to 4.3 (overall mean = 3.5) across all tests, whereas the susceptible check 
ranged from 6.8 to 8.0 (overall mean = 7.4). The intermediate check ranged 
from 3.0 to 4.8 (overall mean = 3.9). Company lines ranged from 1.8 to 8.0 
across dates of rating, and from 3.5 to 8.0 on the last date of rating. 
Results of the individual tests were tabulated and sent to each respective 
contributor. 


The Development and Release of FC 607 and FC 607 CMS.--G. A. Smith 


FC 607 was developed from the cross of FC (504 X 502/2) CMS X FC 605 T.O. 
All three of these component lines are monogerm and have resistance to cer- 
cospora leaf spot. FC 605, released in 1978, was developed for combined 
resistant to Cercospora and the curly top virus. FC 605 represents 50% of 
the genes in both FC 607 T.0O. and FC 607 CMS. 
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FC 607 has shown levels of resistance to Cercospora and Cercospora/curly 
top not seen in the parental components or in any other monogerm lines de- 
veloped or evaluated at Ft. Collins. The average disease resistant evaluations 
for FC 607 from 1976 through 1979 are presented in Table l. 


Table 1. The 4-year mean (1976 through 1979) leaf spot and curly top ratings 
of FC 607, and resistant and susceptible checks. 


Entry Leaf spot Curly top 


FC 607 3e0 4.0 
LSR check Jie Ds 
LSS check 6.8 2 died 
US 41 -—— 4.3 
USes3 ioe > ao 


Yield response of FC 607 under severe leaf spot was determined in 1979 
and results are presented in Table 2. Under these rather severe leaf spot 
conditions, FC 607 yielded more gross sucrose than the other selected crosses. 


Table 2. Yield of FC 607 and several other experimental disease resistant 
crosses under severe Cercospora epidemic at Ft. Collins, 1979. 


Entry Root Leaf Curly Gross 


No. Description weight sucrose spot top sucrose 
(T/A) (Z) (1b/A) 

1281 (6621139sl CMS. xX 652016SE_ 1.0.) 19.07 ban tu 4.0 Zao 5547 
AOPG G05, 120; = FC o0b.1 0. 

L232 [662119sl T.O. X 652016s1 CMS 1S 334 Lie DZ. 4,2 200) 5326 
(Bi) Xx FC 605.220, = FC, 006 
CMS 

1295 (64202751 CMS =X 66211961 - LO esa 14.86 ted okt 4864 
LeOe) kt ee OU ela oe eee OG 
CMS 

L290 et C5040 X2 507) 2) CMa eh GrO 0 5. mn Oa), a Weal LoS a 6337 
T.0. = FC. 60/ CMS 

LUT FC 605° CMS X [FC(504 x *502/72) VM ERS 14.48 hous Ji) 6201 
X SP 6322-0] = FC 607 CMS X 
SP 6322-0 

1328 LSRveheck, gPCL504n xe 50272) Z20R52 14.69 Jao 300 6029 
X SP 6322-0 

1329 Intermediate LSR check; 19.5% 12.79 4.3 bao 5006 


SP 5822-0 
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Entry 1311 was very vigorous, had a low leaf spot rating, and was expected to 
out-yield the other entries. However, the severe leaf spot apparently reduced 
sucrose % and, consequently, gross sucrose. 


The combining ability of FC 607 for yield has not been extensively studied, 
but results under nondisease conditions have indicated good combining ability 
for root weight and sucrose. 


In 1980, the yield performance of 12 hybrid combinations of FC 607 was 
evaluated under disease-free conditions at Fort Collins. The 12 pollinators 
used in the hybridizations were primarily Rhizoctonia resistant lines de- 
veloped with little regard to improvement of combining ability. The test was 
conducted under high nitrogen fertility and abundant moisture. Results of 
this test are presented in Table 3. The results of the test indicate that 
FC 607 has good general combining ability even with non-commercial-type 
pollinators. Eight of 12 hybrids were equal to the adapted commercial variety 
for sucrose 4. All 12 of the hybrids had rapid emergence and good vigor. 

FC 607 has shown good mature plant vigor, and is a good seed producer under 
Oregon conditions. The vigor and good seed producing attributes of the line 
give the breeder the option of using the line in single cross hybrids. If so 
used, the number of genes controlling resistance to Cercospora and curly top 
that are transferred from the FC 607 parental line to the hybrid theoretically 
will be double that transferred as a 3-way top-cross hybrid. 


Table 3. The performance of FC 607 in hybrid combination with 12 narrow base 
pollinators under disease-free conditions at Ft. Collins, 1979. 





Root Gross 
Entry Description yield Sucrose sucrose 
(T/A) i, (1b/A) 

897 POLOU se CMSe Ka COS. SLA CY Cis 26279 a 13.70 Bae 6792 
greenhouse sel. 

898 FC 607 CMS X syn. from prog. lines 2 oo DC 12.87 def 6532 
of GW 674 and C 817 

899 FC 607 CMS X Aula Dei 13, high 26207 Bb 14.30 a 7456 
sucrose (Spanish line) 

900 FC 607 CMS X 2nd cyc. small sel. 25). 2a ee 12 .o1 fe 6307 
EL-42 (East Lansing) 

901 RO 1b07, OMS “X svn or 7701/5 29.64 a 1) oonget 7617 

902 FC 607 CMS X M-line syn. from Deen Be 1S vig 6941 
FC 702/5 

903 FC 607 CMS X Fargo rot res. USSR 22-47 def Pe Joete S05) 
line 

904 FC 607 CMS X Rh. res. mm (narrow 29.26 a 13207 bedef 7648 
base) 

905 Foeuu, CuS=x iocyc.oRh. ~séel. from 21500 CL 12.95 cdef 5666 
F 1002 

906 FC 607 CMS X 1861 T.O. mm 26.14 b phe aks BG T= 7104 

907 FC 607 CMS X 741026h, high suc. 24.58 bc Perr Tee 6267 


and LSR, MM (from Ft. Collins) 


-—-Contd.-- 
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Table 3. . The performance.of, FC 607, ini hybrid jc 4 (Contd s) 


i 


Root Gross 
Entry Description yield Sucrose sucrose 
(T/A) % (1b/A) 
908 FC 607 CMS X 741026H2, high suc. 23.49 cd Zo Ome 5947 
and LSR, MM (from Ft. Collins) 
909 GW Mono Hy D2 Jue A 13.46 bed 8409 
910 FC 607 CMS (Breeder's seed) 24.51 bed 13.35 bede 6544 
SSIGh FC 606 (as released) 23.46 cde 12.48 fg 5855 
912 FC 606 T.0. (as released) eo eas Ze 5119 
Cini i 5 Ae 4,39 


1/ 


— Means within a column followed by the same letter are not significantly 
different at the 5Z level. 


Planting Date X Cercospora Interaction Study.--G. A. Smith and E. G. Ruppel 


Our experience with cercospora leaf spot has shown that the younger 
leaves of sugarbeet plants appear to be more resistant to Cerecospora infection 
than older leaves. This observation is even noted on highly susceptible geno- 
types. We reasoned that perhaps plant age at time of inoculation might have 
an effect on the subsequent disease severity. Therefore, we designed a field 
study in 1979 to determine the effect of planting date on leaf spot severity, 
and to further determine if genotypes with different degrees of inherent leaf 
spot resistance react relatively the same when planted on different dates. 
The inoculation date was the same (July 9) for each planting date. Three 
breeding lines with distinctly different levels of resistance to Cercospora 
were planted April 2, April 18, and May 4. The experimental design was a 


randomized complete block with six replications. Plots were 2 rows, 21 feet 
long. 


The average leaf spot ratings for the three lines evaluated are presented 
in Table 1. Results presented are from the September 4 leaf spot rating which 
was the peak of the epidemic. 


Table 1. The average leaf spot rating of three breeding lines, each planted 
on 3 calendar dates. 


Planting date 


Entry Description of Line Apr. 2 Apr. 18 May 4 
1340 FCAt5 04s 502) 29% SP6322-0,LSRL/ ee Saal 3 oe 
Toe SPF 5822-0. 1 LSR an7 5. 306 
1342 BF. GC. Synthetic check, LSS 6.8 6.8 6.8 
Ly : 
— LSR = Leaf spot resistant; ILSR = Intermediate leaf spot resistance; 

LSS = Leaf spot susceptible. 
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Results showed no significant difference in leaf spot ratings among 
plants which had been planted at the three dates. Average readings based on 
6 replications were nearly identical regardless of plant age. There were no 
visual differences in top size of plants planted April 2 and April 18, but the 
May 4 planting did have less top growth than the other planting dates, as 
expected. We concluded that plant age has little or no effect on leaf spot 
severity for plants that are at least 66 days old at time of inoculation. The 
degree of inherent leaf spot resistance had no effect on the observed pattern. 


The Effect of Sterile and Normal Cytoplasm.on Resistance to Cercospora.-- 
fen. oOMith and E. G. Ruppel 


The potential differences between normal and sterile cytoplasm as in- 
dicated by reaction to Cercospora infection was evaluated under the severe 
1979 epidemic. Reciprocal crosses were made between two red hypocotyl multi- 
germ pollinators, and six type 0 monogerm lines and their CMS equivalents. 
Crosses were made between the multigerm as the male (07%) pollen parent and the 
CMS type 0 of each monogerm line. Hybrids between the type 0 monogerm and the 
multigerm pollen fertile lines were identified by hypocotyl color. Results 
of the leaf spot readings for two reading dates and the description of the 
crosses are presented in Table 1. At both leafspot reading dates, 3 single 


Table 1. Leaf spot evaluation of single crosses with and without steriie 
cytoplasm. 


Leaf spot Padi 


Entry Description 8/28 9/4 
1245 52-305,rr, TO X[FC(504 X 502/2)CMS X SP6322-0,R-] 3.7 4.5 
1246 B2-305 CMS vere ap # H ns ] ANS 439 
1247 FC 504,rr, TOX[ " " " amr ere 05 ae 
1248 FC 504 CMS,rr X [ " " " " pies zs 4.3 
1249 NBL; rr, TOX. [ " " " besR- jult 345 4.0 
1250 NB1 CMS, rr X [ " " " " WEL ore 5.0 
1251 52-305, rr, TO X FC 901, R- 5.5 6.0 
2) 2 S2-3057CMS, tex 277230! 7 4.9 Di 
1253 POS Oar rete uy a 4.1 4.4 
1254 FC 504, CMSjrr X " "oO" 4.3 4.3 
255 BGG, ores TORR hh -B! 1 LeeS Ae 
1256 BC 60a) GMSie9 rire | ee tt ta 4.4 es 
aE 671201108, LSR check Bo 4.8 
1258 731083, LSS check 6.8 6.6 
eo A 63-5, ILSR check 4.0 SEO 
1/ 


— Leaf spot readings based on 0-10 scale withO being no leaf spot and 
10 = complete defoliation, 
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cross pairs (entries 1245-1250) showed significantly more leaf spot in 
hybrids synthesized with the CMS parents. These six hybrids all had the same 
multigerm pollinator. One hybrid with FC 901 as the pollinator had sig- 
nificantly less leaf spot when the female parent was CMS. 


There were no other significant differences between CMS and type 0 hy- 
brids for leaf spot reaction when FC 901 was the pollinator. Results of this 
test might suggest that differences in reaction to Cercospora between normal 
and sterile cytoplasm is pollinator specific. However, more pollinator lines 
would need to be evaluated to make such conclusions. 


BEET SEED PRODUCTION IN THE GREENHOUSE UNDER 
SODIUM-VAPOR AND INCANDESCENT LIGHT 
Roa seHecket ond 1G mea omr cn 


Sugarbeet seed produced in the greenhouse, particularly during winter, 
is commonly low in quantity and quality. In an attempt to improve greenhouse 
seed production, we have compared supplemental high pressure sodium vapor 
light with incandescent light. 


The visible portion of radiant energy is between 380 and 760 mi. Energy 
utilized in photosynthesis is essentially in the range of 400-700 mj; hence, 
photosynthesis takes place entirely within the visible portion of the spec- 
trum. The vast majority of solar radiant energy is in the visible spectrum, 
whereas the majority of radiation from tungsten incandescent light is in the 
infrared and far-red portions of the spectrum, far beyond the range of utili- 
zation in photosynthesis as indicated in the figures below. The figures also 
show that almost all the radiant energy from high pressure sodium vapor light 
falls within the visible and photosynthetic portion of the spectrum. Hence, 
sodium vapor light produces more radiant energy in the photosynthesis range 
than incandescent light, per watt of input. The quality of sodium vapor 
light is different, however, since high quantities of light are produced at 
very specific wavelengths. 


In this experiment, we used our standard 6 X 6 X 6-ft filtered-air 
greenhouse isolation chambers, placing 26 steckling roots of a normal bolting, 
genetically broad~base multigerm population in 6~inch plastic pots. The 
induced stecklings were potted January 15, 1979, and immediately placed in 
their respective isolators under a 150-watt incandescent lamp in an ordinary 
porcelain reflector and under a 150-watt high pressure sodium vapor lamp 
(General Electric Lucalux low-mount fixture with a high pressure sodium vapor 
bulb). The lights operated from 4:00 p.m. to 8:00 a.m. During the day, the 


experiment received solar light through the glass greenhouse and plastic film 
of the isolators. 


Each plant was numbered, supported by a cane, and rearranged within the 
treatment on a regular basis. Seed was harvested separately from each plant. 


~ C38 - 


SUNLIGHT AND SKYLIGHT 


aoe: 
pee 


FSH 


350 420 250 wOs0 nso 
WAVELENCTH - mu 


SPUCTRAL INTENSITY «weer. = 
° 


a 
o 


* CURVE PRODUCED BY {SCO MODEL SR SPECTRORADIOMETER AND SAR 
PROGRAMMED SCAWNING RECORDER OW FEB. 21, 1966 AT 11:30 AM, 
40° 48° N LATITUDE AND 96° 47 W LONGITUDE 


He 
| 


TO wart dae FOLD 79 Cesena 


“100 WATT TUNGSTEN 
INCANDESCENT t 

% 

1 








LAMP 

















i 


° 
=< 


HIGH PRESSURE SODIUM VAPOR LAMP 


400 waits 
(eg GENERAL ELECTRIC "LUCALUX*? LUMINOUS EFFICACY: 107 LUMENS /WATT 


.040 — 


SPECTRAL INTENSITY uw Ilemimy + tootcandie ) 
t onennel 


eee da 8 
ae 
as 
| 

| 
ee 
Se BOS 
ene 
| 

| 
aa 





* CURVES BY IfCO 


- C39 - 


All measurements were made on individual plants and lots. All plants in each 
treatment bolted. Six and three plants died under the incandescent and sodium . 
vapor light, respectively. 


The results in Table 1 are a mean of individual plant measurements. 
Plants which received supplementary sodium vapor light bolted and flowered 
significantly sooner and were harvested 9 days earlier than those which re- 
ceived incandescent light. The former plants also produced more seed of 
significantly better germination. 


It appears that sodium vapor lamps should be advantageous for greenhouse 
seed production, particularly because of the apparent increase in seed quan- 
tity and quality, as well as the reduction of time from planting to harvest. 
A succeeding experiment is now in progress in which we will be comparing 
these light sources on photothermally induced seedlings of normal and bolting 
resistant genotypes. 


Table 1. Mean of seed production characteristics of 26 plants under sodium 
vapor and incandescent post-induction light. 


Sodium Probability 
vapor Incandescent of sig. dita 
Days to bolting 20.2 2h 95 
Days to lst flower 48.0 Jae ~OOS 
Days to harvest 98.3 LO7 eS .O001 
Stalk ht. at Ist flower (cm) 109 oe tae 
Seed yield/plant (g) 1225 7.4 .004 
100 seed wt. (g) La hee wks 
% germination 
7 days 3 92 . 06 
9 days e 102 oe 


14 days 140 108 001 


4 
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SUGARBEET DISEASE RESEARCH - 1979 
W. M. Bugbee 
U. S. Department of Agriculture, Agricultural Research 
Department of Plant Pathology 
North Dakota Agricultural Experiment Station 
Fargo, North Dakota 


Bacterial leafspot 


The cause of bacterial leafspot on sugarbeets in the Red River Valley 
is Psuedomonas syringae. This bacterium was isolated from infected leaves, 
purified, and reinoculated back to sugarbeet leaves in the field and 
greenhouse. Inoculation was accomplished by high pressure spraying a 
stream of the bacteria suspended in water onto the leaves. The pressure 
was great enough to force bacteria into the leaves through the stomata. 
This method of inoculation will be used to evaluate the resistance to this 
bacterium in the commercial varieties that are available to growers. This 
disease has been with us for several years and has not caused yield losses. 
The objective of this test then is simply to gain information as to the 
relative susceptibility of these varieties under controlled experimental 
conditions in the greenhouse and field. 


Evaluating storage rot resistance caused by mold 


Mold fungi comprise species within the genera of Penicillium, 
Aspergillus, and Rhizopus. Sugarbeets suffer storage rot caused by several 
mold fungi within the genus Penicillum. We have been evaluating roots for 
resistance to P. claviforme for several years. A second mold fungus, P. 
funiculosum also rots stored Sugarbeets and has been prevalent in commer- 
cial piles. Penicillium claviforme is antagonistic towards Botrytis 
cinerea, an important storage rot fungus, so the two can not be used as 
mixed inoculum in evaluation tests. Tests were performed to see if P. cla- 
viforme could be mixed with P. funiculosum so that resistance to both fungi 
could be evaluated simultaneously. The results were favorable. They 
showed that freshly harvested roots were more susceptible to P. funiculosum 
than P. claviforme. As roots aged in stormge they became susceptible to P. 
claviforme. It is suggested that future storage rot evaluations consist of 
mixed inoculum of P. claviforme plus P. funiculosum, in addition to the 
separate evaluations against Phoma betae and B. cinerea. 


Phoma seedling disease and storage rot 


Sugarbeet seed of cultivar US H20 heavily (95%) or moderately (25%) 
infected with P. betae were treated with recommended amounts of sodium 
p-(dimethylamino) benzenediazo-sulfonate (diazoben, Dexon), a mixture of 
pentachloronitrobenzene and 5-ethoxy-3-(trichloromethyl)-1, 2, 
4-thiadiazole (PCNB-ETMT, Terra-Coat L-205), 1-(N-propyl-N-(2-(2, 4, 
6-trichlorophenoxyl) ethyl)carbamoyl)imidazole (imidazole) or bis 
(dimethylthiocarbamoyl) disulfide (thiram). Thiram also was applied by 
soaking seed in a 0.2% aqueous suspension for 24 h at 30 C. Thiram and 
thiram-soak treatments were applied in 1977. The other three treatments 
were added in 1978. Stand counts for any of the seed treatment were not 
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improved over untreated seed under field conditions in 1977 (table 1) and 
1978 (table 2). However thiram-soak in 1977 and all treatments in 1978 


Table 1. Stand counts and amount of seedling infection by Phoma 
betae after treatment of sugarbeet seed of US H20 in 1977. About 95% of 
the seed was naturally infected with P. betae. © 





percent of Phoma 


seed treatment stand/30 row ft infected seedlings 
ay ca % 

thiram soak a/ 36a 16 b 

thiram, 224 g/45 kg 38 a Kia 

water soak Sad 36a 

no treatment hoa ga 


af Seed were soaked 24 h in 0.2% thiram aqueous suspension, or water at 30 C. 


Means of 8 replications; means within a column followed by a common letter are 
not significantly (P = 0.05) different according to Duncan's multiple range 
test. 


Table 2. The effect of seed treatments on seedling disease, storage 
rot, and recoverable white sugar per ton (RWST) of roots of cultivar US H20 
with seed naturally infected with Phoma betae at two levels. 


percent of stand percent of 
Phoma infected seed count Phoma infected percent RWST 

seed ‘treatment 10, row ft. seedlings rot (w/w) harvest stored 
no. % % lbs lbs 

none 15° a WWoa 14.0 a 204 a. 1227am 

95% diazoben 14a Pad ail 9.8 be 197 .a.. 1300 
PCNB-ETMT Tia 23 be O'. 5 DC 196 a 118 b 

thiram Wa 13 ede 9.8 be 199 a 130 ab 

thiram soak 13a 7 efg 9.6 be 196 a 132 ab 

imidazole 13 a 4 fg 6.4¢ 198 a 136 a 

none 18 a 28 b 12.040 200 a 124 ab 

diazoben 1 ce 20 bed 12.6 ab 196 a 127 0am 

25% PCNB-ETMT 19 a 16 cde 9.6 be 198 a. 1203am 
thiram tea 11 defg 9.6 be 197 a 13am 

thiram soak 18a 5 efg 8.2 be 198 a 131 7am 

imidazole 19. a 2g 10.1 be 199 a 124 ab 


Means of 16 replications; means within a column followed by a common letter 


are not significantly (P = 0.05) different according to Duncan's multiple range 
test. 


caused a reduction of Phoma infection in surviving seedlings. The most 
effective treatments were thiram, thiram-soak, and imidazole. All seed 
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treatments in 1978 resulted in less rot in roots that were stored for 150 
days at 4-6 C compared to storage rot in roots from untreated seed. The 
amount of storage rot was positively correlated with the number of sur- 
viving seedlings infected with P. betae. The regression showed that a 0.4% 
increase in storage rot occurred for each 10% increase in infected 
seedlings. The correlation was significant (P = 0.05) but low (r = .15) 
indicating that sources of P. betae inoculum other than the seed was 
contributing toward infection and rot, therefore, seed treatments to reduce 
infection by P. betae would result only in partial reduction of storage 
rot. The reduced rot was not enough to cause a reduction in the loss of 
RWST (table 2). A regression analysis showed a negative effect of percent 
storage rot on recoverable white sugar per ton. The regression was linear 
for 0-15% rot and showed a 6 1b/T sucrose loss after 150 days storage for 
each 1% increase in storage rot. A mid-range rot of 20% caused a loss of 
100 lbs/T under ideal storage conditions for 150 days at 5 C. Most of the 
rot probably was due to P. betae because the treatment of roots with 
2-(4-thiazolyl) benzimidazole (thiabendazole) was ineffective. 
Thiabendazole reduces rot caused by common storage pathogens except roots 
deeply infected with P. betae. 








Identifying Phoma storage rot resistance in the seedling stage 


Last year I reported that two breeding lines developed for resistance 
to phoma storage rot also were resistant to Phoma in the seedling stage. 
This conclusion was based on greenhouse tests where temperatures 
fluctuated, sometimes going over 90° F. When these tests were repeated at 
lower controlled temperatures in newly acquired growth chambers, seedlings 
of resistant lines suffered an unexpected increase of seedling disease. 
Further testing showed that seedling disease caused by Phoma increased as 
the temperature decreased. This was expressed as a lower stand count and 
an increase in the amount of emerged seedlings that were infected with 
Phoma. Therefore, at 60 F, differences between the storage rot resistant 
line and the susceptible cultivar lines could not be detected. 


A test was begun to improve the performance of the two breeding lines 
at 60°. Several hundred seed of each line were inoculated with Phoma and 
planted in soil at 60°. One month later, the surviving seedlings were exa- 
Mined for seedling disease and the apparently healthy seedlings were 
transplanted. Seed will be produced from these selections to see if 
seedling performance and subsequent storage rot resistance has been 
improved. Perhaps storage rot resistance can not be detected using the 
Seedling reaction to Phoma, but it is highly probable that seedling 
resistance to this fungus can be improved by selection at 60°. 
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SUGARBEET STORAGE - 1979 
Darrell F. Cole 
U. S. Department of Agriculture, Agricultural Research 
North Dakota Agricultural Experiment Station 
Fargo, North Dakota 


Internal CO, vs. Respiration 


Internal CO, can be determined on individual roots (genotypes) in less 
than 2 minutes. ‘Measurement of respiration is usually accomplished in an 
open system using an infrared gas analyzer. Several problems can affect 
the operation of the system: regulation of air flow, control of background 
CO. levels, calibration, and the number of samples that can be efficiently 
handled. Automated systems have been developed, but only a limited number 
of samples can be measured during a day. 


The cbjectives were to examine the relationship between internal 
CO. and respiration rate (evolved CO.) in sugarbeets and if internal 
CO, levels could be altered by selection. 

Two sugarbeet cultivars ('ACH-17' and 'GW Mono-Hy D2') were grown at 
Fargo, N.D., on a fine-textured clay soil. The seed were planted on May 10 
and the roots were harvested on October 10, 1979. The experimental design 
was a randomized complete block with 9 replications. Plots were 4-rows 
wide and 7.6 m long. The plots were defoliated before harvest with a com- 
mercial rotobeater. Roots from the two center rows of each plot were har- 
vested with a two-row lifter to raise the roots to the soil surface. The 
roots were picked up manually, washed and stored in perforated plastic bags 
at 5 C and near 100% relative humidity. 


After 25 days of storage at 5 C, a subsample of 3 roots from each plot 
was transferred to 10 C and another subsample of 3 roots to 15 C. After an 
additional 5 days of storage, respiration rates were measured on individual 
roots for both cultivars at 5, 10 and 15 C. Respiration rates were 
measured witn a differential infrared gas analyzer in an open system with 
outside air. 


Immediately after respiration rates were measured, a core (1 cm x 6 
cm) was removed from each root and the cavity was sealed with a serum vial 
stopper. Internal CO, levels were determined by removing a gas sample (1.0 
ml) from the sealed cavity with a needle and syringe 24-36 hrs. after 
Sealing. COQ, was measured on a gas chromatograph fitted with a silica gel 
column by injecting 0.5 ml of the air removed from the sealed cavity. The 
procedure was repeated on another sub-sample of roots 55 days after 
harvest. 


Seed of 4 commercial cultivars (ACH-17, GS-Mono-Hy D2, 'Beta 1934', 
"Bush Mono'), seed from 4 cycles of selection for low internal 
CO, concentration, and seed from 2 cycles of selection for high internal 
CO, concentration were planted on a fine textured clay soil at Fargo, 
N.D., on May 10 and harvested on October 10, 1978. 
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The field design was a randomized complete block with two 
replications. Rows 1 and 4 of each plot (rows 56 cm apart and 10.5 m long) 
were seeded with a common commercial cultivar because the supply of seed 
for some of the high and low internal CO, populations was limited. 


The roots were harvested and stored as previously described. Internal 
CO. concentrations were determined for up to 16 roots per replicate as 
previously described after 80 days of storage at 5 C. : 


Cultivars differed significantly for both internal CO, and respiration 
rates when averaged over all temperatures. The cultivar by temperature 
interaction was not significant, therefore, both cultivars responded simi- 
larily to changes in storage temperatures (Fig. 1). The correlation coef-= 


RESPIRATION 
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Figure 1. Relationship between internal CO, and respiration rate 
as influenced by storage time. 


GW Mono-Hy D2 30 days after harvest @ ACH-17 30 days after harvest 
Q GW Mono-Hy D2 60 days after harvest © ACH-17 60 days after harvest 


ficients between respiration and internal CO, of individual roots (n = 162) 
at 30 and 60 days after harvest were r = 0.72%% and r = 0.85**, 
respectively. The correlation coefficients were r = 0.98** and r = 0.99#* 
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at 30 and 60 days after harvest, respectively, when the correlations were 
based on the cultivar x temperature means (n = 6, Fig. 1). These data 
indicate that the level of CO, inside the root is related to the respira- 
tion rate. Therefore, selection on an individual root basis for low 
respiring genotypes is possible by measuring the internal CO, level. 
Internal CO, is simple to measure and remains constant for a 7-day period. 


Significant differences among the four cultivars were detected for 
internal CO, (Table 1). Cultivar Beta 1934 was significantly lower than 
the other three cultivars. The orignal populations with low and high 
internal CO, levels were selected because they were among the lines with 
the lowest dnd highest CO, levels described by Cole and Bugbee. Roots eva-= 
luated from cycles 2, 3 and 4 of the low CO, line had a lower 
CO, concentration than the original population, and had significantly lower 
CO, levels than did all of the commercial cultivars evaluated in this test. 

The roots evaluated from cycle 1 of the high CO. line had internal 
CO, levels significantly higher than those of the ortginal population 
(Table 1). Roots of cycle 2 had significantly higher internal CO, levels 
than did roots of cycle 1. Internal CO, levels in both cycle 1 and cycle 2 
were higher than those of all the commercial cultivars. 


Table 1. Number of roots evaluated and internal CO. levels of four 
commercial cultivars and populations derived through selection 
for low and high internal CO, levels. 


2 
n Internal CO, 
b 
Commercial cultivar 
Bush Mono 29 Zeno 
Beta 1934 31 2655 
GW Mono-=Hy D2 18 2.82 
ACH=17 22 2.92 
Low lines 
Original 24 2.42 
Cycle 1 22 2456 
Cycle 2 14 2.20 
Cycle 3 19 2.14 
Cycle 4 27 2.07. 
High lines 
Original 26 2.66 
Cycle 1 25 3.26 
Cycle 2 30 3-55 
LSDo 957 1.96 _/1 + 1 (0.2061) 
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The data reported herein indicate that respiration and internal 
CO, are related and that internal CO. levels can be altered by selection. 
Measurement of internal CO, is easy fo accompish and over 200 roots per day 
can be evaluated for internal CO, levels. 


Raffinose Determinations 


Mr. John Hobbis, American Crystal Sugar Co., advised me that a commer~ 
cial instrument designed to measure sucrose, glucose and lactose using 
immobilized enzymes in a polycarbonate membrane was available. Lactose 
measurement is accomplished with galactose oxidase. The enzyme is also 
sensitive to galactose, raffinose, melibiose and stachyose. 


The membrane containing the enzyme is mounted on a silver and platinum 
electrode in a reaction chamber. A 25 wl sample is injected into the reac- 
tion chamber. The sample is mixed in the reaction chamber with a buffer by 
a silicone rubber diaphragm driven by an oscillating stream of air. 


Raffinose accumulates in sugarbeets during storage and causes errors 
in the polarimetric determination of sucrose in cold digestion or thin 
juice filtrates. Therefore, it is necessary to determine raffinose in the 
extracts. The instrument was used in our laboratory to measure raffinose 
in cold digestion extracts clarified with aluminum sulfate and in thin 
juice samples (Dexter et al, JASSBT 14:433-454). A sample of each filtrate 
Was injected into the instrument without additional preparation. 


The major problem encountered was that a large number of the membranes 
were defective when received through the normal supply channels. The manu- 
facturer is working to correct the large failure rate. 


The instrument was used in our laboratory to measure raffinose in over 
4 thousand samples at a rate of 200 per day. One thousand samples have 
been evaluated with one membrane. 


The instrument is a Model 27 Industrial Analyzer developed by 
Yellow Spring Instrument Co., Yellow Spring, Ohio. 


Comparison O19. Cultivars 


A study was conducted in 1979 to compare yield, auality at harvest, 
quality after storage and the amount of crown vascular and crown parenchyma 
(pith) tissue of nine cultivars developed by American Crystal Sugar Company 
over the last three decades. 


Seed was obtained from Dr. John Kern, American Crystal Sugar Company, 
Moorhead, Minnesota. The seed was planted at Fargo on May 25 on a fine- 
textured clay soil and the roots were harvested on October 18. The 
experimental design was a randomized complete block with 8 replications. 
Plots were 4-rows wide and 7.6 m long. Leaves were removed with a commer- 
cial rotobeater prior to harvest. The roots were raised to the soil sur- 
face with a 2-row lifter and picked up manually. A subsample of 10 
consecutive beets in one row was obtained. The remaining roots were pooled 
With the root from the other row. 


ei ee 


The sample of 10 roots was washed, weighed and separated into root, 
crown vascular and crown parenchyma tissues. Each component was weighed 
and subsampled to measure sucrose and other quality components, i.e., 
sodium, potassium and amino-N. 


The larger sample of roots was washed, weighed, and divided into two 
lots. One lot was used to measure quality at harvest and the other lot was 
stored in perforated plastic bags at 5 C and near 100% relative humidity 
for 110 days. Sucrose was determined by the cold digestion procedure using 
aluminum sulfate as the clarifying agent. Purity was determined by the 
procedured described by Dexter et al. 


The cultivars grown in the 1970's had a higher yield, purity and 
recoverable sugar per acre than older cultivars (Table 2). Cultivar ACH-14 
had a higher recoverable sugar per ton than the other cultivars. Sugar 
content of the individual tissue differed among cultivars, however, there 
Was no trend for the newer cultivars to be higher than the older cultivars. 
Significant differences in the amount of crown parenchyma and crown vascu- 
lar tissue were observed. Cultivars 3S and ACH=-30 had the largest and 
smallest amount of crown tissue, respectively. 


A correlation coefficient of r = 0.96 (n = 9) was observed between the 
Sugar content of the crown vascular tissue and the sugar content of the 
main tap root based on cultivar means. 


The data on sodium, potassium, amino-N and quality after storage are 
not yet available. 
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Table 2. Yield and various quality components of 9 cultivars. 


Cultivar Decade Yield Sugar, % 

used T/A Pith Crown Root Intact 
ACH=30 1970 21.0 ab AG? <abeNis [6 "be 1678 "b> 15°90 b 
ACH-12 1970 21.6 a 10 S3eab SETs.2) -c 1OsO TO 1565 UC 
ACH=14 1970 19.4 be 1 1a 15.0 a 1259 ‘a 16.8" a 
ACH=17 1970 21.9 a 9 20 ba 13.29 'c een 15.05 0 
3N 1960 20.3 ab SA Hue WTB Sper tb 7" b P4534" be 
3S 1960 19.4 be 10M “abe 134.376 15297 * 15..6° be 
51-807 1950 17.9 ¢ 10ecpapeeiis9 be 16.5 Db 15.5 be 
51-410 1950 tks Qaudd 9.51 bees 138 4¢'e AOLOY D7 15.0" be 
47-801 1950 19.5 be 108 3%abi 2145296 1627*b 715.6 be 

Tissue above lowest leaf scar 

Cultivar Purity RWST RWSA (4 of total root) 

4 lbs lbs Parenchyma Vascular Total 
ACH=30 92.2 ab 268 b 5634 a 18650 15.9 ec Tease 
ACH=12 92.1 ab 262 b 5664 a 2.085 Tf 227 be 19.2 ab 
ACH=14 93.4 a 291a 5659 a 2.2 ab 18.7 ab 20.9 a 
ACH-17 91.9 ab 257 4b 5636 a 2.5 a 18.1 abe 2Ue5 a 
3N 91.6 ab 25%a0 5202 ab 2.1 ab 1724" be 19.5 ab 
3S 90.2 b 249 b 4869 b ee 8D 19.5 a 2beora 
51-807 91.5 ab 258 b « 4622 b 1.9 be 17.7 abe 19.5 ab 
51-410 911Gb 255 b 3630 ec Po6Te 16.5 ¢ TST" 
47-801 9t33 ab est b 5013 ab 2e1 ab ifsc OC 19.3 ab 
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SELECTING FOR IMPROVED SUGARBEET STORABILITY 
Larry Campbell and Joye M. Bond 
U. S. Department of Agriculture, Agricultural Research 
North Dakota Agricultural Experiment Station 
Fargo, North Dakota 


In areas such as the Red River Valley, where sugarbeets are stored for 
long periods, a considerable amount of sugar can be lost during storage. 
This loss results primarily from respiration and secondarily from storage 
rots. The growth of storage rot fungi on small sugarbeet slices was used 
to identify beets resistant to one or more of the pathogens. Respiration 
rate in storage was determined by measuring the percent CO, (carbon 
dioxide) in a stoppered cavity made with a cork bore. 


In 1978 individual beets from lines in the world collection were exa- 
mined for internal CO, concentration and response to the storage rot fungi 
Phoma betae, Botrytis cinerea and Penicillium claviforme. A few lines that 
appeared to be superior were increased by crossing superior plants within 
the line (Table 1). Selection for Phoma resistance appeared to be the most 
effective with the mean of selected lines significantly better than the 
check. While selctions for Botrytis and Penicillium resistance had lower 
rot ratings than the check, the differences were small. Many lines 
selected for Botrytis and Penicillium in 1978 also had Phoma resistance 
which was manifest again in the 1979 data. Selection for low respiration 
resulted in only a minor but probably significant difference between 
selected material and the check. The response of crosses between selected 
plants and GW-D2 (CMS) was similar to that observed for individual lines. 





A number of roots were selected for each trait on the basis of their 
individual performance. These were included in a separate polycross for 
each trait. Seed was harvested from individual plants for 1979 field and 
storage evaluations. Three CMS lines (GS-D2, 1851, 52-307) were also 
included in the polycross. The 44 beets selected for low respiration had a 
mean internal CO, concentration of 1.19% compared to an overall mean of 
2.034. In 1979 Storage trials the polycross progeny of these beets 
averaged 2.06% compared to an average of 2.42% for the check cultivar 
(ACH=14). Individual lines (half-sib families) ranged from 1.48% 
(PI174058) to 2.40% (P1176872). Fifteen beets were selected for resistance 
to Phoma in 1978. Polycross progeny of these individuals had a Phoma 
rating of 3.6 compared to 4.6 (0 = no rot, 5 = severe rot) for the ACH-14 
check. In 1978, 30 beets were selected for resistance to Penicillium. 
Progeny of these plants had a Penicillium rating of 1.9 compared to 3.0 for 
ACH-14. Progeny of lines selected for resistance to Botrytis in 1978 
appeared to be highly susceptible in 1979. 





Twelve beets were selected for resistance to all three fungi in 1978. 
The 1979 data indicated that selection for resistance to all three organ- 
Sisms was somewhat effective. While selection for Botrytis resistance was 
not as effective as was selection for the other fungi, the results were 
more favorable than when selection was for Botrytis alone. A large 
majority of the beets selected for combined rot resistance were red}; 
whereas, Selection of white sugar types was possible for the individual 
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Table 1. Characterization of lines selected from the world collection of sugar- 
beets for resistance to storage rot fungi and reduced respiration during 
storage. 


| Respiration 
Designation Phoma Botrytis Penicillum rate 
----- Paneer coe CO, ee 


Phoma selections 


P1I120691 2e> 4.8 4.5 won 
PI120282 a2 5.0 Sa woe 
PI251042 4.0 BeU 5.0 aa 
P1120704 Clea Sie 44 --- 
P1I205987 341 4.6 Het -—— 
Mean of selections (1979) 3.0 4.6 ee oom ie 
Mean of parents (1978) 0.7 4.9 Wed oo 
GW-D2/P1I120282 3.4 4.9 4y =e 
GW-D2/P1I251042 3.9 4.8 4.8 ome 
GW-D2/PI140354 3.9 4.7 4.6 seems 
GW-D2/P1266101 3.6 4.7 4.9 o< 
GW-D2/P1I120704 2.8 4.5 4.8 -<< 
GW-D2/PI117113 3.4 4.6 LL --- 
GW-D2/P1I171519 el B70 4.9 =m 
GW-D2/P1205987 re 4.8 4.6 “om 
GW=-D2/PI117117 4.0 5.0 5.0 oe 
Mean 3.3 4.6 4.7 --- 
Botrytis selections 
PI175599 3.3 335 4.6 “== 
PI180409 3.9 4.6 4.5 --= 
P1I178836 325 4.6 Pay one 
Mean of selections (1979) 3.6 ee 4.6 --- 
Mean of parents (1978) a 1.4 3.5 “<= 
GW-D2/P1175599 345 4.5 4.8 “<= 
GW-D2/P1I180409 3.9 4.6 Sie --= 
GW-D2/P1120692 sO) 4.9 4.6 --- 
GW-D2/P1I169021 203 fs 45 <= 
Mean Sac 4.6 4 3 oon 
Penicillium selections 
P1I178837 1.9 3.8 4.5 --- 
PI176427 4.2 4.9 5.0 --~ 
Mean of selections (1979) 3.0 yy 4.2 ~—- 
Mean of parents (1978) 3.8 4.8 1.9 ee 
GW-D2/P1176427 rer 4.8 4.6 -—~ 
GW-D2/P1i142816 oe 4.9 3.3 ane 
GW-D2/P1164978 3.0 ar 4.6 Staal 
GW-D2/P1176872 3.8 5.0 5.0 <== 
Mean 3.6 4.8 WY mee 
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Table 1. Continued 









Respiration 
Designation Phoma Botrytis Penicillium rate 

- = = = = rating! ---++-+-+-+-- -~ -~ % CO, -- 

Low respiration selections 

P1I171507(a) --~ --~ aoe 1.55 
P1I171507(b) awe --- --- 1.62 
P1173842 man -<- --= 1.95 
Mean of selections (1979) --= oo ~-= Teli 
Mean of parents (1978) 3.4 4.8 4.4 A ogi 
GW=-D2/P1171507 ~<a: aS ma ss oe 253 
GW-D2/P1I117113 wees nee --- inal 
GW-D2/P1173842 oo nee wees tele 
GW-D2/P1I140351 cere --- --- 1.74 
GW-D2/P1181716 vo -—= --- 1,66 
Mean “== = os 1.76 
ACH=30 4.8 5.0 5.0 1.92 





T Rot rating indicates the distance rot progressed through a 1 om= block of 
root tissue after incubation at 20 C for 2 weeks. O = O mm; 1 = not over 2 mm; 
2 = 2-4 mm; 3 = 4-6 mm; 4 = 6-8 mm; 5 = 8-10 mm (entire block). 


traits. Superior individuals from promising lines are being increased to 
confirm their low respiration rate or rot resistance and to evaluate for 
other important traits. 


A number of individuals from crosses between 52-307CMS and low 
respiration selections appeared to have relatively low respiration rates. 
Respiration rates in crosses with GW-D2 and 1861 were relatively high. The 
52-307 crosses with Phoma resistant selections also produced a relatively 
high frequency of individuals resistant to Phoma. Penicillium resistant 
selections were made from crosses between Penicillium resistant selections 
and all three male steriles; however, means for the 52-307CMS and 1861CMS 
crosses were considerably lower than those with GS-D2 as a parent. 
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Abstracts of Papers Published in 1979 


1) Hogaboam, G. J., and C. L. Schneider. 1979. Efforts to control Rhizoctonia 


3) 


rot of sugarbeets through resistance breeding and Fungicide applications. 
Proceedings of the 20th Regional Meeting Amer. Soc. Sugar Beet Technol., 
pp 81-89. I. 


Results of 5 tests evaluating hybrids made with 5 different Rhizoctonia 
resistant pollinator lines and SP6822-0 on a common female parent are pre- 
sented. Six fungicides with potential to reduce crown rot incidence were 
identified. The need for improved methods of fungicide application for 
control of crown rot is apparent. 


Bemneider, cc. C.snk. bteoims, andi H. S. Potter: 1979... Tests of fungi- 
cides to control Cercospora leaf spot and Rhizoctonia root rot diseases 
in 1977. In Fungicide and Nematicide Tests 34:56-57. Amer. Phytopathol. 
Soc. 


Among 25 spray treatments tested for leaf spot (C. beticola) control, all 
significantly reduced disease severity below that of the untreated control. 
Treatments with systemic fungicides showed greater efficacy than protective 
type fungicides. Among 26 crown-spray treatments tested for root rot 

(R. solani) control, the following reduced disease damage significantly 
below that of the untreated control: Bayleton 50 W (1.12 kg/ha), Benlate 


50 W (0.84 kg), and Du-Ter 47 W (0.70 kg). 





Ruppel, E. G., C. L. Schneider, R. J. Hecker, and G. J. Hogaboam. 1979. 
Creating epiphytotics on Rhizoctonia root rot and evaluating for resis- 
tance to Rhizoctonia solani in sugarbeet field plots. Plant Dis. Reptr. 
63(6):518-522. 


Methods and techniques for mass inoculation of sugarbeet plots with dried 
grain inoculations of R. solani are described. The methodology was effec- 
tive and reliable for testing the reaction of cultivars to the pathogen. 





Schneider, C. L. 1979. The present need for black root control. Proc. 
20th Reg. Meet. Amer. Soc. Sugar Beet Technol. East. U.S.A. 


Since the introduction of resistant cultivars in the Great Lakes area, 
black root damage has declined notably, but the disease has not been 
totally vanquished. Occasional severe local occurrences indicate the need 
for continued control efforts. Control measures recommended for use with 
resistant cultivars include crop rotation, control of weed hosts of Aphan- 
omyces cochlioides, early planting, and seed treatment. 
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Evaluation of Sugarbeet Hybrids 


G. J. Hogaboam . 


The evaluation program in 1979 was cooperative with the Farmers & Manufac- 
turers Beet Sugar Association and its member companies. 


The sugar and purity analyses were conducted by Paul Pfenninger, Michigan 
Sugar Company. The percent sucrose, percent clear juice purity, and recover- 
able white sugar per ton were determined according to "A rapid and practical 
method of determining extractable white sugar, as may be applied to the evalu- 
ation of agronomic practices and grower deliveries in the sugarbeet industry", 
by S. T. Dexter, M. G. Frakes, and F. W. Snyder, as published in the Journal 
of the American Society of Sugar Beet Technologists. 


Hybrid Evaluation, B & B Farm, Saginaw, MI., 1979 


6 replication, 2-row plots 
257 CL LOU como OWS 


% % 

Seed No. ; RWS/A Tons/A RWS/T Sucrose CUP 
76682-01 x 76256-0 5757 19.93 288 .8 oo 92.98 
76745-01 x : 5736 19.48 294.2 lias 93.27 
14323% 1x 7622-0 6286 21 297.9 17.92 93.49 
76591-01 x s 5860 19.10 306.8 18.21 94.14 
73514-01 x 76598-0 x " 5174 16.95 305.1 Omeu 93.87 
78614-01 x si 5648 18.27 309.3 1Seer 94.37 
74566-01 x EL36 XPELAL 6441 Ze 303.5 Lota 93.89 
74564-01 x ~ " X y 5823 19.89 292.5 Lite 93.20 
: x 74550-0 x : 5932 19.44 305.1 18.30 93.61 
US H20 6132 20.59 297.7 17.89 93.55 
74564-01 x 7042-0 x EL40 6400 Zari 307.9 18.42 93.70 
FUqaC sere xc elas xX 6822-0 6454 21220 303.9 18.03 94.17 
General Mean 5970 19.83 301.0 18.03 93.68 
LSD 5% 566 see W233 NS 0.64 


CV% 8.19 7.49 3.54 2.6] 0.59 
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IN VITRO VEGETATIVE PROPAGATION OF SUGARBEET 


Joseph W. Saunders 


In an attempt to provide a greater number of technical options for sugar- 
beet improvement through germplasm storage, seed production and special testing, 
development of in vitro beet propagation methods was initiated in late 1978. The 
main features desired in a beet propagation system are: 





Rapid scale-up time to dozens or hundreds of propagules if desired. 
Easy, low maintenance, long-term storage of individual germplasm. 
REC OU NE aed all germplasm. 

. Ability to initiate propagation at all stages of plant development. 

The two basic routes of in vitro vegetative propagation, by axillary shoot cul- 
ture and by shoot regeneration, have been examined. 


RWNn— 





Shoot Culture. The use of nutrient agar medium containing a cytokinin to pro- 
mote growth and branching has come into fairly recent popularity for propagat- 
ing many economically important species. Hussey and Hepher (Annals of Botany 
42:477-479. 1978) describe such a procedure for use with sugarbeet seedlings. 
We have been satisfied with a slightly different method that is used predomi- 
nantly for shoot cultures initiated from axillary buds of flowering stalks. 
Cotyledonary nodes as well as embryos have also been used to initiate shoot cul- 
tures. For breeding purposes shoot cultures from beet selections are preferred, 
and this is best done at present with axillary buds from the flower stalk. 


Lateral buds 5-15 mm long are surface sterilized in our lab by two 15-min- 
ute soaks in 15% chlorox-0.01% sodium laurylsulfate, followed by six washes in 
sterile distilled water. Buds then are put onto the surface of Linsmaier-Skoog 
medium with 0.25 mg/1 benzyladenine (medium L-20) and kept at 219 C in a lighted 
growth chamber, although neither strong light nor strict temperature control is 
considered essential. Lateral buds from plants flowering in the greenhouse are 
easily decontaminated by this procedure, whereas the few attempts to decontami- 
nate buds from flowering beets in the field have been unsuccessful. 


The explanted buds enlarge several days after placement on the agar, and 
after three weeks generally i-3 axillary shoots have grown out from the original 
vegetative bud. These are separated from the original axis and transferred onto 
fresh agar where another cycle of shoot growth and multiplication begins. If 
the original bud was reproductive, vegetative shoots may not develop. 


Subsequent cycles, lasting 3-4 weeks, have shoot multiplication rates of 
3-5. In most genotypes shoots are multiplied both by outgrowth of axillary 
buds, as well as by regeneration of new shoots on petioles. One genotype has 
been observed that does not regenerate shoots from petioles. 


A similar type of regeneration is seen when 2-3 mm sections of petioles 
from shoot cultures are placed on L-20 medium. Up to 10% of the sections sprout 
shoots within a week. These shoots can be used to start multiplication cycles, 
thus increasing the actual rate of multiplication. 
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Shoots have been rooted either by placing them on Linsmaier-Skoog medium 
with 1.0 mg/1 a-naphthaleneacetic acid in 125 ml Erlenmeyer flasks, or planting 
them in Jiffy-7 peat pots in clear plastic boxes where humidity is kept high, 
usually in a growth chamber at 21-249 C under continuous light. Large shoots 
survive the stress of rooting better than small ones, and trimming the shoot 
down appears to reduce chances for survival as fungi attack the cut surfaces. 


Increases in the benzyladenine concentration above that used in the stan- 
dard shoot culture medium (L-20) reduced shoot size while increasing shoot num- 
ber and proportion of leaves regenerating shoots. Levels of benzyladenine be- 
low 0.25 mg/1 led to fewer but larger shoots. In combination with 0.25 mg/1 
benzyladenine, + cis-trans abscisic acid at 0.1 or 1.0 mg/l reduced shoot re- 
generation from leaves compared with the absence of abscisic acid, and had a 
somewhat diminishing effect on shoot size. 


Regeneration from Petiole and Blade of Intact Plant Leaves. Because lateral 

buds of a vegetative plant are not easy to obtain contaminant-free, there is 
interest in being able to regenerate shoots from pieces of leaf blade or petiole, 
which are more easily decontaminated and are in abundant supply on the plant. 
This is easily done in quite a few other species. Our initial attempts using 
variations in benzyladenine level and combinations of concentrations of benzyl- 
adenine and a-naphthaleneacetic acid have produced rod-like structures, but no 
shoots. Under the desired system, shoots regenerated from pieces of leaf 

could be fed into shoot culture for multiplication. Regeneration from leaf 
pieces would permit fast propagation to be started from any size beet. 


Cold Storage of Shoot Cultures. A shoot culture experiment involving combina- 
tions of cold exposures at 59 C in the dark with lengths of pre-cold 24° C 
growth indicated that cultures would survive at least 29 weeks at 59 C and grow 
well thereafter at 249 C. The shoots do appear to grow, though slowly, at 59 C, 
and present thought is that survival can be maximized by a high medium volume 


to shoot ratio. That is, death may be due to exhaustion of the medium. 


* * x * * 


Although present methods do not permit shoot culture initiation with ease 
from beets of all stages, shoot culture does appear applicable to most if not 
all genotypes. If only a handful of propagules are desired, propagation from 
stem cuttings or crown buds is more economical, but when dozens or more propa- 
gules are needed, shoot culture can produce these faster. 


RAPID FLORAL INDUCTION OF BEETS 


Joseph W. Saunders 


Growth chamber experiments with plants originated from seed and shoot 
cultures indicate that flowering can be achieved as early as six weeks after 
placement in a growth chamber with continuous incandescent light and a 14-10 
hour 20-149 C fluorescent light-dark cycle. This followed up the finding of 
George Hogaboam that US H20 and FC701/5 could be brought to flower in continu- 
Ous incandescent and fluorescent light in a 14-10 hour 22-14° C growth chamber. 
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The initial investigations of this phenomenon indicate that this is a 
technique that might be applicable in perhaps a majority of genetic backgrounds. 
As yet it is premature to discount the risk of unconsciously selecting for more 
frequent field bolting. 


Floral Induction of Seedlings with Continuous Incandescent Light. 94% of the 
seedlings of FC/01/5 flowered with 24 hour incandescent, most within six weeks. 


First signs of bolting were seen in some by the twentieth day after emergence. 
Twelve percent of the seedlings of an experimental line flowered under these con- 
ditions, as did 25% for EL39, 0% for EL40, and 6% for EL41. The last three are 
derived from the same single plant. 


Even with 20 hours incandescent light, 28% of FC701/5 seedlings flowered 
within 38 days. 


Six of ten plants of FC701/5 flowered after being moved into continuous 
incandescent light after five weeks post-emergence in a 14-10 hour fluourscent 
plus incandescent light-dark cycle at the standard temperature (20-149 C). 


No bolting was observed on plants kept in a 14-10 hour 20-14° C incandes- 
cent plus fluorescent light-dark cycle. 


Continuous Incandescent Floral Induction of Shoot Culture Propagules. Shoot 
culture propagules of seven of eight randomly selected genotypes were brought 
to flower under continuous incandescent light in the growth chamber, following 
rooting in peat pots which took 2-5 weeks at 24° C under continuous incandes- 
cent and fluorescent light. Quickest time to flower was 26 days after place- ’ 
ment of the freshly rooted propagule into potting mixture in the growth chamber 
at standard 14-10 hour, 20-14° C fluorescent light-dark cycie with continuous in- 
candescent light. There was no flowering or stem elongation in control propagules 
Subjected to incandescent as well as fluorescent light for 14 hours as part of 
me standard cycle, using a genotype that flowered under continuous incandescent 
ight. 





Surprisingly, isogenic propagules did not respond in a unanimous manner to 
the continuous incandescent light. Where three or more propagules of a genotype 
were tested, some but not all flowered. These investigations have been of a pre- 
liminary nature, and no clues to the nature of the non-unanimous induction re- 
sponse are known. 


Although most of the responding propagules were derived from flowering 
plant axillary buds, one was derived from seedling axillary buds, suggesting 
that the floral state was not carried over through the shoot cultures. 


In combination with the rapid propagation of plants of selected genotypes 
by shoot culture, this method of rapid floral induction permits rapid seed 
increases, although of modest magnitude at present, with responsive genotypes. 
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SUGARBEET DISEASE INVESTIGATIONS IN 1979 


C. L. Schneider 


Fungicide Screening Tests 
C.oL Schneideny-Ri, Losimssandeh .as sor otter 


a) Rhizoctonia crown rot - Spray treatments were applied in a 20-cm band 
along the plant rows and into the crowns at the rate 560 liters of 
spray material/ha, 59 and 74 days after planting. Rhizoctonia solani 
grain inoculum was applied in the crowns one day after the first spray 
application. Incidence and severity of crown rot increased until har- 
vest. On 17 Sept. the following treatments showed significantly less 
crown rot than the control which = 51.4%: Benlate 50 W + Du-Ter 47.5 W 
tank mix (1.9 g + 1.9 g/100-m of row), and Bravo 500 F (20 ml). Other 
treatments included: Benlate 50 W (3.8 9); Benlate 50 W + Manzate 200 
80 W tank mix (4.9 g + 19.9 g); DPX 770-2 77 W (19.9 g); Du-Ter 47.5 W 
$3 550 g)3 OAC 3289.35 L.(25-ml)3, OAC +3289, +ePCNB: 17° Al ie 

Zo ie 
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Phoma seed infection - Two seed lots of US H20 showing high levels of 
Phoma betae infection were treated with fungicides applied either as 
aqueous slurries or liquid concentrates. Subsequent Phoma infection 
was determined by immersing seed units in 0.5% NaOCl for 5 min and 
plating out on water agar. The effectiveness of treatments in reducing 
seedling infection was determined by planting seed in sand flats and in 
Field plots. Nineteen treatments were tested. 











Phoma infection in treated seed lots ranged from 0 - 52%. The two 
non-treated control lots showed 30 and 77% infection. The following 
treatments were rated as superior in reducing infection: Prochloraz 
40 EC (160 m1/100 kg), OAC 3289 + PCNB 17 + 17 L (65.2 m1); OAC 3289 + 
OAC 2718 35% + 2% L (326 ml); Lesan 75 W + Captan 75 W (219 g + 750 g)3 
Lesan 70 W + Terracoat SD 205 (219 g + 750 g); Lesan 70 W + Prochloraz 
25 W (219 g + 250 g). The following were rated as superior in the sand 
box test: Lesan 70 W+ Benlate 50 W (219 g + 100 g); Lesan 70 W + 
Captan 75 W; Lesan 70 W + Prochloraz 25 W; Prochloraz 40 EC (163 ml); 
OAC 3289 + OAC 2718 35% + 2%; Lesan 70 W (250 g). In the field test, 
soil conditions were warm and extremely dry with little evidence of 
seedling disease caused by soil-borne and seed-borne pathogens, and none 
of the treatments resulted in stands greater than the untreated control. 
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Fungigation experiment - Fungicides were applied through irrigation 
sprinklers to plots of US H20 exposed to inoculum of Cercospora beticola 
and Rhizoctonia solani. Commencing 1 July, there were 10 applications 
at weekly intervals of the following composed treatments: Benlate 50 W 
(560 g/ha); Bravo 500 F (731 m1), and Du-Ter 47.5 W (700 g). In untreated 
control plots, the mean leaf spot severity index = 3.4 (0-9) and crown 
rot index = 23 (0-100). Each fungicide treatment significantly reduced 
leaf spot infection. Bravo and Du-Ter significantly reduced crown rot. 





ate. 


d) Storage rot - Mertect 340 F, Prochloraz 25 ED, and Ronilan 50 W fungicides 
were tested at rates of 250, 500, 1000, and 1500 ppm for efficacy in con- 
trolling storage rot fungi, Botrytis cinerea and Phoma betae. Cubes, 
1-cm3, cut from Sugarbeet roots were dipped in the fungicide suspensions, 
dried, then placed on the surface of petri-dish cultures of each patho- 
gen. After a 10-day incubation period, the cubes were sliced longitudi- 
nally, and the degree of rot was ascertained. 











Each of the 3 fungicides at each concentration, significantly re- 
duced Botrytis rot, with Ronilan 50 W rated superior. Prochloraz and 
Ronilan each significantly reduced Phoma rot at each concentration, 
whereas none of the concentrations of Mertect were effective. 


2. The Use of Aerial Photography to Estimate Root Rot Damage in Sugarbeet Plots. 
Pe Le ocnneraer ange Gast Rs oalir 


During the period 1974-78, we obtained eight aerial photographs of 
sugarbeet plots exposed to Aphanomyces black root and Rhizoctonia crown 
rot diseases. The photographed areas comprised: a black root nursery 
where plots were exposed to natural occurrence of Aphanomyces cochlioides; 
crown rot nurseries, inoculated with grain cultures of Rhizoctonia 
solani; and crop sequence plots naturally exposed to both pathogens. The 
plots comprised breeding lines being screened for disease resistance and 
plantings of commercial cultivar US H20 in experiments to test efficacy 
of various fungicides and cropping systems. Among the 30 experiments 
involved, there was a wide range of disease intensities and in most 
cases there were significant differences among the entries. We have 
previously reported that photo estimates of disease damage are indica- 
tive of field evaluations (1, 2). In this report we summarize our 
Subsequent studies on the use of aerial photography in evaluating root 
disease damage in sugarbeet. 

















Methods and Materials 


Previous studies have shown that false color infrared film, by providing 
greater contrast between plots at different disease severity levels, was better 
suited for our purpose than natural color film. The plots were photographed on 
35 mm IR Ektachrome film with a motor-driven camera equipped with a 50 mm lens 
and a Wratten 12 filter. Photos were obtained at altitudes from 230 to 760 m 


and, in most cases, at a near 0° (+ 5°) view angle. 


1) Schneider, C. L. and G. R. Safir 1975. Infrared aerial photography estima- 
tion of yield potential in sugarbeets exposed to blackroot disease. Plant 
Dis. Reptr. 59:627-631. 

2) Schneider, C. L. and G. R. Safir 1976. Use of infrared aerial photography 
to evaluate disease severity in sugarbeet exposed to black root and crown 
rot diseases. Proc. Amer. Phytopathol. Soc. 3:245 (Abstract). 
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The 35 mm transparencies were viewed in a microfiche reader at 30 x magni- 
fication with resultant photo: ground scales of 1:147 to 1:345. Plots, which 
ranged from 5 to 20 mm length and 1 to 4 rows in width, were assigned numeri- 
cal health ratings from 1 to 10 according to quantity and quality of observed 
biomass. Quantity was indicated chiefly by stand. Quality was indicated by 
color, which varied from deep red (healthy), through various shades of red to 
pink (moderate to severe infection), to white (plants moribund or dead). In 
the eight photos we obtained, we evaluated a total of 3407 plots. 


Results 


Photo health ratings correlated well with ground-based plot health 
ratings (100-pct disease), with highly significant r values that ranged from 
.62 to .93. In plot areas where plants were under noticeable stress from 
factors other than disease - such as low soil moisture and nutrient deficiency 
- correlation was considerably less than in areas where the problems were not 
SO apparent. 


Among the 30 experiments analyzed, there were significant differences in 
mean health ratings of the entries in 19 of the 25 experiments that had signi- 
ficant differences in ground-based ratings. Among 263 entries that received 
superior ground-based health ratings, 161 (61.2%) received superior photo 
health ratings. 


Summary 


Aerial IR color pnotos permit the researcher to make rapid preliminary 
estimates of disease intensity and over-all correlations of field plots 
comprising relatively large areas. Experiments with significant differences 
in disease intensity among entries can be readily identified. In addition, 
aerial photos provide a permanent pictorial record of an entire field experi- 
ment that can be analyzed in detail after opportunity to study the actual 
crop has passed. 


* 0 = No spots; 10 = All leaves dead. 
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BREEDING SUGARBEETS FOR RESISTANCE TO BLACK ROOT 
AND LEAF SPOT 


rl. Oe 
Research work on sugarbeets at the Agricultural Research Center, 
Beltsville, Maryland is directed toward varietal improvement of 
sugarbeets resistant to Aphanomyces black root and Cercospora leaf spot, 
important diseases in eastern United States. 
Testing for Leaf Spot Resistance 

A good leaf spot epidemic occurred in the early planted 1979 Beltsville 
leaf spot nursery. A moderate epidemic occurred in later planted plots. 


Results of these tests are presented in Tables 1 and 2. 


TABLE 1. Results of leaf spot tests in early planting at Beltsville in 


1979. 
Av. Leaf Spot Rating*  —_— 
AV....0f, 
ES Ot. No. Lines Breeding USH20 Exptl. Hybrid 
No. Description Tested Lines Check Check 
1 & 11 Black Root & Leaf Spot 67 3.4 fil en 
resistant MM lines from 
Beltsville 
2 BRR-LSR mm lines from 33 3.4 orb oe 
Beltsville 
Misc. MM Smooth-root progenies 247 4. +. 0 4.0 
Mise. F. of soil-free X 234 3.6 a3 - 
smooth root 
Mise. F, of soil-free X 70 4.6 Oe - 


smooth root 


= cL" = 


TABLE 2. Results of leaf spot test in late plantings at Beltsville in 


1979. 
Av. Leaf Spot Rating * 
Av. or 
Expt. No. Lines Breeding USH20 Exptl. Hybrid 
No. Description Tested Lines Check Check 
3&4 MM from E. Lansing 46 34° 5 Be 
5 & 12 Rhizoc resistant mm 88 352 4.9 Put 
from E. Lansing 
Mise. MM Smooth-root 243 SU ye or 
progenies 
Mise. MM Soil-free progenies 84 3.8 5,0 - 
Mise. F. Soil-free X 48 ese Eyal) - 
] 
Hi-—sugar beets 
Mise. F. Soil-free X smooth- 52 oso eo = 


root sugarbeet 


* Q = No spots; 10 = All leaves dead. 


The data indicated a good level of leaf spot resistance in the breeding 
material compared with USH20. Only the soil-free breeding lines, 
however, exhibit improved resistance over soil-free breeding lines tested 
the previous 2 or 3 years. The otner breeding material was expected only 
to maintain good levels of resistance, because selection pressure for 
resistance has been relaxed in favor of selection for increased yield. 
Present levels of leaf spot resistance in the breeding material are 
believed to be adequate to prevent noticeable sugar losses in Michigan 
and Ohio. 


Testing for Black Root Resistance 


Tests for resistance to Aphanomyces black root were conducted in the 
winter of 1978-79. There was a big variation in the severity of the 
epidemic from experiment to experiment. When the epidemic is too severe, 
the lines being tested appear relatively susceptible compared with our 
resistant check. When the epidemic is relatively mild many of the tested 
lines appear to approach the resistance of the resistant check. One 
phenomenon was quite noticeable in the 1978-79 tests: the occurrence of 
occasional progenies that were quite susceptible to black root. This may 
have been caused by outcrossing to susceptible lines present 2 or 3 years 
ago. The susceptible progenies were eliminated from further utilization 
by the results of the black root test, but cause the breeder some concern 
regarding the origin of the susceptibility. The results of the blackroot 
tests are presented in Table 3. 
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TABLE 3. Results of black root tests at Beltsville in 1978-79. 


Black Root Rating * 


Number of Av. of Lines Resistant Susceptible 

Description Lines Tested Tested ¥ Check Check 

MM progenies from Leaf 71 109 100 fae 
Spot Selections 

MM progenies from Black 131 99 100 105 
Root Selections 

MM progenies from Growth 48 101 100 107 
Chamber Selections 

MM progenies from Smooth 128 105 100 114 
Root selections 

mn Self-—compatible e3 120 100 | pas 
Progenies 

mn Self-incompatible 107 105 100 ale 
Progenies 





* Minimum — Maximum Possible Ratings: About 78 to 132 
Low rating = high resistance to black root. 


The average black root rating of two groups of material in Table 3 was 
poorer than expected and may be partially related to the erratic behavior 
of the resistant check varieties. The monogerm self-—compatible 
progenies, however, were more susceptible because inbreeding depression 
was affecting speed of germination and seedling vigor. The MM progenies 
from leaf spot selection (1st item in Table 3) should have exhibited more 
resistance. It is hoped that this apparent decline in resistance is not 
real, but a reSult of erratic testing conditions. Hence, it is necessary 
to take a critical look at the testing procedure and conditions to 
determine if there are now flaws in what has appeared to be a good 
technique. 


Breeding for Soil-free Roots 


Breeding for soil-~free beets has been undertaken from 2 sources: (1) 
selecting in a sugarbeet linefor relativelyclean roots (called 
smooth-root selection); and (2) backcrossing sugarbeet-garden beet 
hybrids to sugarbeets and selecting for “soil-free" roots (called 
soil-free selections). Progenies from soil-free selections have been 
best in being free from adhering soil when harvested. However, there is 
considerable variation in the amount of adhering soil among roots of each 
progeny; but the worst roots have much less soil clinging to them than 
the best roots of USH20. Only the lower content of sucrose has been 
keeping the soil—free lines from becoming components of commercial 
hybrids. Results from the 1979 Beltsville nursery trials contain 
encouraging indications that the sucrose content of soil-free breeding 
lines is increasing. The term "indications" is used because an 
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experiment was not set-up to specifically test soil-—free beets for their 
performance in surcrose percentage. However, there were planted in the 
same nursery plot the following material: (1) 46 progenies of 
smooth-root selections from which 243 roots selected for freedom from 
adhering soil were analyzed; (2) 10 F, progenies of soil-free 
smooth-root hybrids from which 52 selected roots were analyzed; (3) 6F 
soil-free X high sucrose sugarbeet progenies: from which 48 selected roots 
were analyzed; (4) 10 soil-free progenies without recent backcrosses to 
sugarbeets from which 84 selected roots were analyzed; (5) SP7822-0 from 
which 584 unselected roots were analyzed; (6) 14 experimental hybrids 
each of which had 6 replicated 8-root samples analyzed for sugar. The 
SP7822-0 was a special experiment in which the seeds were hand planted at 
16 inch spacing down the row. Every root was analyzed for content of 
sucrose and nonsucrose solubles. The experimental hybrids were planted 
at a 4 inch down-the-row spacing, and the other material was planted at a 
6 inch down-the-row spacing. All rows were 2 ft. apart. The results of 
these analyses are presented in Table 4. 


TABLE 4. Sucrose and nonsucrose solubles data from 1979 Beltsville 
Nursery Plot SG-1e. 
Analyzed Roots 


Group No.#kts, “Av Rte Ay. ot ive oe Av wean 
No.* Description Analyzed Wt. Sucrose NSS** ‘Spot Resistance 
1 Smooth-root 243 seit es Ze 3.08 
Progenies 

2 F. of Soil-Free X Be 2.8 12.4 2.16 2.90 
Smooth Rt. 

3 F, of Soil-Free X 48 3308 125 0 2.00 2¢70 
Hi-sugar MM 

4 Soil-Free Progenies 84 Brie 9.6 25.39 3.TT 

5 SP7822-0 584 ae 1438 2250 3.00 

6 14-Experimental (8X84) 2.0 11.4 2.79 a:67 
Hybrids 


* Refers to groups described in above paragraph. 
** Nonsucrose solubles 


The average sucrose percentage of group 4 in Table 4, soil-free progenies 
with fewer backcrosses to sugarbeets, waS appreciably lower than the other 
groups. Higher leaf spot susceptibility can account for some of this, but 
it is believed that it is inherently lower than groups 2 and 3 which have 
had more backcrossing to sugarbeets. Roots of SP7822-0, group 5, might 
have had slightly higher sucrose content had they been grown at 6 inch 
spacing rather than 16 inch. However, this is by no means certain. The 
relatively higher average sucrose content and lower average content of 
nonsucrose solubles of groups 2 and 3 are very encouraging. Although the 
soil-free characteristic has not been developed to its maximum potential 
(that is the breeding lines still segregate into root classes ranging from 
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little adhering soil compared to commercial hybrids to almost no adhering 
soil), this germplasm probably will be useful in improving parental lines 
of present day hybrids, and perhaps may be useful as parental lines 
themselves. 


Growth Chamber Selections for TLWR 


F, W. Snyder's work on selecting sugarbeet seedlings in his growth chamber 
for high taproot weight relative to leaf blade weight (high TLWR) showed 
that productivity of a breeding line could be improved. In some test 
plots the progeny of TLWR selections produced higher root yields than the 
parental line without any decrease in Sucrose percentage or purity. In 
other tests there was no difference between the two in root yield, but 
progeny of the high TLWR selections had higher sucrose percentage and 
better purity. 


I made 
of the 


2 successive selections in SP6922-0 for high TLWR. I crossed roots 
2nd selection with 6 different male-sterile lines and tested the 
hybrid progeny in a replicated test against comparable hybrids from the 
pollen parental line or against hybrids of a closely related derivative of 
the original pollinator. The field test consisted of 4 replicationsof 
each hybrid. Each replication consisted of 4 rows 20 ft. long. The 
center 2 rows of each plot was harvested and the first 8 roots in the row 
large enough for analyzing weretaken for a sugar sample. Results of this 
test are presented in Table 5. 









































TABLE 5. Results of TLWR experimental hybrid test in the 1979 Beltsville 
Pieldactrial. 
Av. Leaf NO; GRtS/A. lon/A ‘AV. % Av. % 
Variety Spot Rating Harvested Rt Wt. Sucrose SNSS 
77610-01 X 77254-m Sel* 4.33 24,000 14.30 es eee 
77610-01 X 6922-0 3,95 20,700 14.75 Ah eR 3.09 
Difference + .40 + 3,300 - 45 - 1.4 - .88 
77612-01 X 77254-m Sel Saou 17,400 16.89 Loa 2.62 
77612-01 X 6922-0 ee5 20,700 15,06 i sie 2.94 
Difference — .25 - 3,300 + 1.01 - 0.1 - .28 
77576-01 X 77254-m Sel 4,33 21,600 152516 1033 2.99 
77576-01 X 7622-0 3.93 20,000 15.48 113 eer 
Difference + .40 + 1,600 + .30 1. +5 32 
70682-01 X 77254-m Sel Seu 21,000 14.60 11.6 ee Ot 
70682-01 X 77288-0 S55 21, 100 Pe 11.4 2.58 
Difference + .17 - 100 =e, ft + 0.2 + .3 
70745-02 X 77254-m Sel 4,33 20,000 14.10 13 Ceo 
70745-02 X 6922-0 et 20,800 ee 39 toe 2.65 
Difference + .16 - 800 - 1.29 - + .13 
77550-01 X 77254-m Sel ted 16,200 16.08 11.4 2.93 
77550-01 X 6922-0 3.00 224500 16.29 132 3.40 
Difference — .25 - 6,300 — ee | ~ 8 = aid 
Checks 
USH20 5.08 27,600 14.65 10.9 2.43 
75576-01 X 74409-7 3.42 17,800 17.39 Vet 2.10 
75550-01 X 6822-0 Pow. Mil. 3.08 20, 300 Viet lave 2.86 
Res. 


* SP77254-m Sel = Second generation TLWR Selection 
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Low root yields and low sucrose percentage can be attributed to late 
planting and abundant moisture throughout the growing season, There was 
little difference in root yields between the experimental hybrids from the 
TLWR selection and hybrids of the original parents. Sugar percentages 
were lower in 5 of the experimental hybrids. The other solubles were 
higher in some and lower in others. It can be concluded that this 
particular TLWR pollinator selection did not produce superior hybrids. 
Perhaps when it is crossed with a MS line that has also been selected for 
high TLWR the results will be different. Perhaps other pollinator lines 
selected for high TLWR will give different results, but thus far my TLWR 
selections have not increased yield. 


Cold Temperature Seed Germination 


Two successsive cycles of selection were made from plant progenies whose 
seedlings emerged rapidly at UB°F. Seed increases were made in the growth 
chamber from plants of the second selection. Seed from these increases 
(SP78801—number) were planted in the cold frame on March 9, 1979. USH20 
and seven unrelated and unselected multigerm plant progenies 
(SP78301=-number and SP78302-number) known to germinate well in the 
greenhouse were planted as checks. Soil temperature | from March 8 to March 
28 at 3/4 inch depth ranged from below freezing to 8° C at 8:00 a.m. and 
from below freezing to 24°C at 4:00 p.m. The 4:00 p.m. soil temperature 
at seed depth was not consistently above 10°C until after March 17. The 
number of seedlings emerged is shown in Table 6. 


TABLE 6. Number of Seedlings Emerging in 1979 Cold Frame Germination 


Test. 
fe No. of Seedlings Emerged On 

Variety 3/17. 23/1863719 937203 23 /2253/23 3/2503 /26 3/2 
USH 20 Repl.#1 0 1 4 5 50 
USH 20 Repl. #2 0) 3 1 iC 4y 
USH 20 Repl. #3 0 1 a 6 34 
USH 20 Repl. #4 0 3 11 15 32 
78301-4 0 52 54 

78301-12 0 2 2 68 80 

78301-37 0 12 46 55 89 87 

78302-14 0 4g 67 

78302-16 0 16 33 87 86 

78302-30 0 1 32 48 80 qd 

73302-67 0 1 49 64 90 88 

78801-044 0 4 5 47 48 

78801~-05 0 1 8 60 67 

78801-06 0 1 26 36 70 Heo 

78801-07 0 4 5 46 54 

78801-08 0 1 2 44 43 

78801-09 0 1 8 i be be 

78801-010 0 2 7 16 ze 


820084. gol 
Temp. °C’ © 2 0 10 (2 He SH Gels Oe ee 
4:00 p.m. Soil 
Temp. °C 14 - 16 18 20 24 19 - - - - 
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The factors affecting rate and percent of sugarbeet seed germination are 
complex. Some research indicates that it might even be affected by the 
soil conditions under which the parent plants produced the seed. In Table 
6 it can be observed that seed of USH20 was the slowest and poorest 
germinating seed of those tested. This is probably due to the age of the 
seed, it being 3 or 4 years older than the others. Four of the 7 check 
varieties SP78301-37, SP78302-16, SP78302-30, and SP78302-67, germinated 
better and more rapidly than all except two lines selected for rapid 
germination at cold temperature. This would indicate the selections were 
not effective. However, the selected plants were placed in a growth 
chamber with lights considerably lower in intensity than natural sunlight 
to produce seed. It is possible that seed produced under this condition 
are "weak" from a deficit of nutrition during their development. A final 
judgment will not be made until seed from plants selected from the cold 
frame test are increased in a field plot and then tested in the cold 
chamber and the cold frame. 


Development of Tissue Culture Techniques 


We are trying to develop a tissue culture technique in order to produce 
haploid plants from anthers. This past year 32 different media were 
tested using a total of 350 flowers from 120 different plants. In 
addition dark treatments and temperature variations were explored. The 
most critical factor seems to be the medium used. From our most recent 
medium we have been able to obtain good callus growth from ovary tissue, 
anthers that will swell to many times their original size, and some callus 
tissue produced from 1 anther. It is too early to determine whether this 
callus is haploid or diploid. In any event, the recent results are 
encouraging. We have hopes of a breakthrough with this work in the near 
future, 


Monogerm O-Types 
Only 3 new monogerm O-types were discovered in 1979. These were tested 


for leaf spot resistance in the nursery and were reasonably resistant. 
Seed increases of these are being made this summer. / 
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